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John Dewey—the Man and his Philosophy. 


181 pp. $2.00. Harvard University Press. 


In this volume are assembled the addresses deliv 
ered by James Harvey Robinson, Jane Addams, 
James R. Angell and others at the recent celebration 
of the seventieth birthday of John Dewey. With an 


introduction by William H. Kilpatrick, and in con 


clusion, the response of Professor Dewey. 


Who Were the Greeks? Joun LINTON MyREs. 


xxxvii+634 pp. Lllustrated. $7.00 postpaid. 
University of California Press. 
An exhaustive and critical synthesis of the most 


recent discoveries relating to the prehistory of Greece 
and the Aegean. The evidence from geographical, 
anthropological, philological and historical investi- 
gations, as well as the most recent results of archeo- 
logical excavation, are studied in great detail. The 
notes refer to the more recent literature, and there is 
a copious index. 


The Renewal of Culture. Lars. Rinepom. 222 
pp. $2.50. Richard R. Smith. 
A series of essays in which Dr 


to analyze from a 
development 


Ringbom attempts 
biological standpoint the recent 
towards a new universal cultural con- 
sciousness on the part of mankind. With an intro 
duction by Professor Edward Westermarck. 


Songs of Science. 
RIDGE. 


Edited by Vircinia SHorT 
pp. $3.50. Marshall 


xxiv + 245 Jones 


Company. 


In this anthology are collected some of the appre 
ciative voices which have expressed in terms of 
poetry the glory of scientific achievement. The selec- 
tion of poets is wide, ranging from Grecian times to 
the present day. 


The Book of the Tulip. Sip A. Danie, Haut. 


224 pp. Illustrated. $5.00. Frederick A. Stokes 
Company. 
This book attempts to bring together the main 


facts concerning the tulip, from the point of view of 
the gardener who desires to learn something of the 


scientific as well as of the cultural aspects of the 


flower. 
Heaven and Earth. Oswatp THoMas. 231 pp. 
$2.75. W. W. Norton & Company. 


Dr. Thomas, former chief of the Urania Observa- 
tory in Vienna, treats the whole field of astronomy— 
our own solar system and its origin, the evolution of 
stars, and the structure of universes. Translated by 
Bernard Miall. 


Introduction to Mental Hygiene. 
Groves and PHYLLIS BLANCHARD. 
$4.00. Henry Holt & Company. 


ERNEST R. 
vi+ 467 pp. 


The authors of this volume have attempted to draw 
together the various expressions of the mental hy- 
giene movement, in an effort to give it synthesis, and 
to provide a comprehensive introduction to the gen- 
eral reader. 
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OwEN WISTER. v+ 


Roosevelt. ; 
trated. $4.00. Macmillan Company 


ae 


Out of this story of a friends! 
when Roosevelt was a junior at Har 
with his death, Owen Wister seeks to 


of the mar 


some of his distinguished associates 
Infant Nutrition. W. McKim Marr 
C. V. Mosby Con 


nutely painted portrait 


Illustrated. $5.50. 


It is the purpose of this book to s 


ent-day knowledge concerning the 1 
quirements of infants under normal ar 
the effects 


meet any or all of these requirements 


conditions, and to indicate 


Tepoztlan. RosertT REDFIELD. xi+24 


trated. $3.00. University of Chicag 
An ethnographic account of the daily : f 
in a modern Mexican village, its cult 


tion, social life and its relation to Mexi 


Death Valley. W. A. CHALFANT. 
Illustrated. $3.50. Stanford Univers 


The author here desires to append 
of authenticated fact to the descriptive 
vided by earlier writers concerning the |! 
region. The country is considered fr g 
graphical, historical, meteorological an 
ical aspects 
The Properties and Uses of Drugs. 
Russy, A. Ricuarp BLIiss, Jr., and ‘ 
BALLARD. xvii+823 pp. $6.50. P 
Son & Company. 


This book has been prepared for the 


pose of meeting the requirements of 
student and the practising pharmacist. 
its usefulness, appendices on insecticid 
supplies and a veterinary dose-table ar: 
Our Knowledge of Other Minds. 
SPENCER. 145 pp. $2.00. Yale Univ: 


Dr. Spencer here attacks the probk 
strating the reality of other minds with t 
the more complete our knowledge of th« 
activities of the mind, the nearer we ar¢ 


its existence in others. 





The Great Astronomers. HENRY SM IT iW 
xix+618 pp. Illustrated. $6.00. 
Schuster. 


Starting with a description of primitiv« rolog 
the author follows the development of man's 
tion of his own relation to the scheme of | gs 
the light of the great personalities who hav 
this about. 
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THE WAYS OF MAN, APES 


PROFESSOR OF BIOLOGY AND DIRECTOR OF 


THE ways of man are devious and per- 
plexing. Why, then, add to our per- 
plexities by dragging in the ways of 
apes and fishes? It is with the hope, at 
least, that a larger picture of life would 
give us some inkling of where man came 
from and where he is going. <And be- 
sides, to visualize the coming and going 
of man, we needs must have other actors 
in the picture for measurement and com- 
parison. 

In the vast perspectives we have in 
mind, the minor deviations from the 
standards of behavior disappear and the 
great highways of animal life stand out 
with amazing clearness as supplemen- 
tary explanations of one another. Mam- 
nals, birds, reptiles, fishes, sea-scorpions 
and many others are the great constella- 
tions of animal life. They are our fellow 
travelers along the Milky Way of the 
biological heavens, and it is only by their 
beacon lights and trailing orbits that we 
ean plot the curve of man’s ascent. 

Too many lights confuse us and defeat 
their purpose. It is well for us, there- 
fore, that our guiding stars are far 
apart and far away. But on the other 
hand, it inevitably follows that there are 
more missing links in our starry chains 
of evidence than real ones. That is, the 
unknowable blanks in all our plotted 
eurves of evolution are much greater 
than the dot-like sparks of evidence 
which roughly, but surely, indicate the 


_ 
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AND FISHES 


E FR MA s 
evolutional! course events The 
biologist bridges the minor gaps on tl 
assumption that developmental changes 
once initiated, tend to carry on in their 
predetermined directions T major 
ones may call for suppiem« I int¢ 
pretations that differ with diff t in 
terpreters 

The widest gap, or the s 1 ‘* miss 
ing link’’ in the evolution of animal lif: 
is not between man and the ape Far 
from it. From man to his nearest ape 
like kindred and far beyond them down 
to the fishes, the main line of ani 
evolution is clearly indicated by a chain 
of evidence so elosely linked hat 
zoologist is inclined to question it. But 
between the fishlike vertebrates and tl] 


inverte 


brates comes the 


widest and most 


perplexing gap in the whole animal 
kingdom. It separates the genetic tree 
of animal e into two great divisions 
an upper and a lower, that stand on 
widely different levels of bod organi 
zation. | events that bridged this 
great gap—} ng high road to low 
road, o1 unl r the r sten ana 
flower of life into a continuous series of 
genetic developments—were no doubt of 
profound significance. 

These two problems—the genetic rela 
tion of man to apes, and vertebrates to 
invertebrates—are_ to day among the 
outstanding problems of animal evolu 
tion. In some respects they are much 
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Both problems touch the founda- 
the biological 


alike. 
tions of all sciences and 
have a direct bearing on the problems 
of every-day life. 

The brilliant the last 
generation or so have greatly changed 
the mental attitude of the biologist to- 
wards evolution and have raised many 
But 
main conclusion as to the reality of evo- 


discoveries of 


new problems to perplex him. his 
lution and the origin of man remains as 
it was in Darwin’s time. In plain lan- 
guage, biologists regard man as a special 
kind of ape, a very distinguished ape, to 
be sure, but nevertheless an ape and the 
offspring of apes whose ancestors, in the 
days of their prime, were some sort of 
And still farther 
back they were some sort of reptiles, am- 
phibians, fishes and so on to still more 
As far as our vision 


primitive monkeys. 


primitive forms. 
reaches, this genetic sequence of fore- 
bears and offspring goes on for untold 
millions of without radical 
change in the method of producing them. 
It is not evolution, therefore, but the 
method of evolution which now chiefly 
econeerns us. Evolution itself has long 
since passed out of the field of scientific 
controversy. There is no other subject 
on which scientific opinion is so com- 
pletely unanimous. It is the one great 
truth we most surely know. 

We shall try to show, very briefly, that 
this evolutionary method is a definite, 
irreversible process of creation, cosmic 
in extent, logical in all its causal se- 
quences and with distinctly moral and 
ethical qualities of its own. It is right- 
eous because, on the whole, it is creative, 
preparatory, self-sustaining and vital. 
All living and non-living things were ap- 
parently created in this logical or natu- 
ral way, and all of them must act, or be- 
have, in accordance with its moral and 
ethical principles. Under its compul- 
sion, man has always tried, consciously 
or unconsciously, to imitate this fruitful 
process, and thereby has made his own 


years any 
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vital profits. In this way ar 
him a wavering image of realities 
crudely corresponding system 
activities, mental and bodily, w 
meate and motivate all phases 


And 


vision of realities clarified, hi 


A 


science and religion. 
moned to new endeavor and s!] 
ways to realize old ideals. 

We have tried to illustrate 
the the | 
kinds of human beings and ot 


and 2 evolution of 
mals in a way that roughly 
(1) their 
time; (2 
great branches of animal life t 
the relative an 
their upward progress. 
ternal 
nearer relatives are shown, rather 
the 
on which they are based. 

One of the chief factors that 
termines the bodily structure 
animal is the germinal material 
received as a heritage from its ane 
Each natural group has a peculiar | 
of germ-plasm of its own that gives 
tinuity to the group and a recogni 
similarity of structure to all its 
bers. Thus the germ-plasm pecu 
all the great classes and orders | 
extraordinary stability, or the p 
reproduce itself, over and over 
for countless generations. These v 
of reproductive power ultimately br 
on the shores of time and are visib! 
pressed in countless varieties of 
forms, all under the bondage of th: 
culiar heritages (indicated in Fig. 1 
wave-like dotted lines). 

But these genetic impulses can 1 
propagated in a vacuum. They liv: 
grow in the fertile soil of their env 
mental opportunities. And as 
grow, they create the more intimate 
vironments of associated bodily | 
and the wider environmental circles 
associated individuals, all acting an 


and decline in 


rise 
the genetie relations 
other, and (3) 
Some of t 
characteristics of man and 


less familiar anatomical str 
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A DIAGRAM TO ILLUSTRATE THE 
OF MANKIND AND HIS NEARER RELATIVES. 
AN IMPORTANT PART 
SUN, MOON, FIRE, WATER, MAGIC TREES, TOMBS ANI 


acting on one another in the common 


experiments 











ana 


accurate < 


business of growth and self-perpetu- 


repeated, are of comparatively 


Thus the incidental opening 
closing of a functional bodily door, 


sistance in estimating the creative valu 


multitudin 


vocalized sex call, a germinating ‘‘idea’’ 
with its accompanying gestures, as well faith to 
as the more obvious fluctuations of sup- 
ply and demand, are cooperative causal 
factors in the evolution of life. 


always has been, 








yn the 





day , 


er thev 
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Thus, to keep his head above the floods 
of watery details that threaten to engulf 
him, the biologist must apply the prin- 
ciples of birth control to his own activi- 
ties. He will defeat his own purpose if, 
through lack of perspeciive, he fails to 
perceive the major products of nature 
and the trend of the great currents of 
evolution, for they constitute his most 
reliable standards of reference. 

Candid self-inspection, from time to 
time, will also be helpful. Our present 
conclusion as to the origin of man has 
been reached only after a long series of 
and more or less 


ecocksure assertions 


apologetic retractions. It is now based 
about as much on the reconsideration of 
old evidence, long since available, as on 
the impressiveness of the new. Our re- 
formed mental attitude, as a requisite 
expiation for past sins, may be too ob- 
viously overdone. It is too often coupled 
with an ostentatious display of scientific 
precaution, and an undue exaggeration 
of petty details. On the other hand, the 
attempts to explain these details may 
fall far below the usual standards of 
scientific criticism. 

This fickleness in judgment, individu- 
ally and collectively, is about as char- 
acteristic of biologists as it is of other 
kinds of human beings, as the history of 
scientific opinion, especially in regard to 
the origin of man and the origin of ver- 
tebrates, so clearly demonstrates. In 
fact, the biologist, like all the rest of us, 
is at heart a hard-boiled fundamentalist 
and a dogmatic propagandist, as indeed 
he should be, if he has any convictions 
that are worth propagating. He is in- 
eredibly blind to the most obvious facts, 
if they do not fit into his peculiar phi- 
losophy. Then, perhaps, he may see a 
new light, and like the traditional unbe- 
liever he is suddenly converted to a new 
dogma. 

It now appears that man is far older, 
perhaps many millions of years older, 
than any biologist has dared to assume. 
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What were these first men like? 
did they eome from? How did t] 


that way? What a vast tim 
theater for human development! 
many causal factors for con, 


How little we really know about 
Shall we call the ‘‘first’’ 
man? That name, no doubt, is | 
tating to the Biblical fundam 
than ape-man, but it is not very s 
cant to the fundament 
Every step in evolution is the day 
new day, and every man is a da) 
to future 
places on this earth, five, ten or t 


man a 


biological 


renerations. Of all 


million years ago, was a plateau 
tral Asia the only campus availal 
the development of man? It n 
But we never felt very sure ab 
geographical location of the Gard 
Eden, nor just what its ecologica 
tunities and restrictions were. Was t 
dawn-man a tree climber, a timid 
floor boarder in damp and gloomy 
chambers? The two-o’clock-in-the-m 
ing dawn-man undoubtedly was. 
how about the dawn-man that a 
somewhat later in the morning? Wa 
a born hunter, driven by an over] 
ing ‘‘ambition’’ into the 
spaces of the sunlit, windswept upla 
Very likely. But what was his 
tion,anyway? Was it the same ambit 
that drove the hunting worm to s 
better living in the fertile belly 
higher animal? Was the equally 
mendable ambition of the go-getter \ 
and the go-getter ape rewarded 
same way? As for climbing versus r 
ning, swimming or flying for a pr 
sion, we could hardly expect a hund: 
and fifty pound ape, or thereabouts, t 
make a worth-while living flitting fr 
tree to tree like a monkey ora bee. T 
defects of his superiority would aut 
matically restrict his freedom to 
ground. 

Such speculations, though justifiab! 
as a crude outlining of possibilities, ar 


great 
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er futile and should not be taken too 
The main fact 


deeper we delve into the geologic his- 


seriously. remains that 


ry of man the more kinds of human 
nes we find seattered here and there 
ughout the better known regions of 
Europe, Asia and Africa. And the older 
ey are, the more they resemble, on the 
le, the type of beings we call apes. 
ere was, no doubt, a great variety of 
dily and mental aptitudes among the 
any kinds of man-like apes and ape- 
ike men. What those 
re, we do not know. But 


minor details 
we do know 
it in the whole gamut of animal life 
ere are no hands, feet, skulls and faces, 

brains, no mental and bodily apti- 
tudes, no records of embryonic and geo- 
ric developments, taken in the alto- 
ether, so much like our own as those 
[ apes. 

In all this there is nothing very start- 
ling or essentially new from an evolu- 
It is all in harmony 
of the origin 


mary standpoint. 
with the Darwinian concept 
f man. 

When we plot the course of animal 
find that 


— 
towaras 


evolution on a larger scale we 

the genetic trails converge 
one great highway of life that takes us 
ever downward from man to primitive 
apes, and from there to monkeys, down 
to lemurs, and far beyond them to other 
mammals the tree 
And then, over steeper terraces, 


arboreal resembling 
shrews. 
the way descends to still lower levels, to 
reptilian, amphibian and fishlike pro- 
totypes. 

There are no unaccountable embryolog- 
ical or anatomical gaps, nor any notable 
inconsistencies in the geologic records of 
, this long genetie series as we trace it 
, downward through many hundred mil- 
lion years. From mankind to fishes they 
are all vertebrate animals and all of 
: them have the same elaborate sets of or- 
gans, arranged in the body in peculiar 
groups and subgroups in accordance 
. with the same architectural plan. 








When we study this enormous 
series from man to fishes, the amazir 
fact is brought home to us that und 
neath the p! in mas ( l 
adaptiy adjustments and rea is 
of bodily parts and organs to 01 
other, the basic plan that makes 
all alike never changes It is 
therefore, that during these ] reds 
million years, all the combi: s 
rerm plas n in sexuai repr uct 
all the variations in environm cou 
neither alter nor repress t 1 
mental potentialities of this structu 
plan. 

There are no units of physical p 
by which we can measure or express 
those creative potentialities. Az 
we survey the actual unfolding of thoss 
potentialities, each upward step, as i 
developing embryo, a pre} 
the next; when we trace the perfect! 
logical series ‘ ! t al 
made to 1 t tl ! aema S I 
rrowth and to utilize its new 
freedom—all these cumulative 1 ts 
indicate a predetermined cou 
events, and something that is very mu 
like a predetermined purpos At 

at purp ean be 1 
only in te : s own prod 

Among t more notal ! 
ments that raise the bod rs 
higher levels are the transfor 
fins into legs, the substitutior ings 
for gills, the addition of or 
after another to the heart, var 3 
vices for sorting and distributing tl 
blood and regulating the temper 
the body and innumerable invent ns 
that ‘better insure reproduction and 
make better provisions for the young 
and immature. In brief, the re just 
the sort of improvements in the give and 
take of vital traffic that must be n 
from time to time in a thriving eit f 
it is to go on living and growing 

The utility of such innovations is the 


measure Ol! 
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human history, such inventions, no mat- 
ter how they are initiated, produce the 
great upward surges in the progress of 
life. They punctuate its history into 
eras and periods, and divide life into 
many different kinds of living things, 
each one on a different level of attain- 
ment, each one with different and un- 
knowable potentialities. 

Beyond the fish stage comes the widest 
gap in the whole animal kingdom. The 
differences between man and any other 
vertebrate are comparatively minor dif- 
ferences in a common structural plan. 
But the vertebrates and invertebrates 
seem to be built on fundamentally differ- 
However, this difference is 
than 
fully explained elsewhere.’ Recent 


ent plans. 
more apparent real, as we have 
dis- 
coveries concerning the very ancient Os- 
tracoderms, some of them as yet unpub- 
lished, in many ways confirm that ex- 
planation. 

For a century or more, this subject 
has been a storm center of controversy 


among zoologists. It has been one of 
those strange battlefields where many 
issues were involved and where many 


gallant partisans of one view or another 
were firmly entrenched in old traditions. 
They attacked and counterattacked with 


dogmatic fury, but rarely with any 
notable effect. Meantime they calmly 


ignored one another. Here the innate 
fundamentalism of the scientific anthro- 
poid was shown at its best and its worst. 
This is not a lament nor a claim for im- 
munity. It is an explanatory field note 
on the ways of mice and men by a par- 
ticipant in the controversy for more 
than forty years. 

Typical vertebrates make their first 
appearance in the Devonian age as 
highly developed fishes that are essen- 
tially the same as those alive to-day. 
But it is evident that they really did 
come into existence at a very much 
earlier period. 

1 William 


Patten, ‘‘The Evolution of the 


Vertebrates and their Kin,’’ P. Blakiston, 1912. 
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With found the 
mains of many other kinds of ani: 


them are 


very great antiquity. Two kinds 
special interest in this connecti 
of them is a sort of ‘‘dawn-fish,’ 
please, called Ostracoderms. T! 
formed a great 
until recent years very little was 
about them. The other kind 
giant sea-scorpions which for m 


class of anima! 


lions of years had been the m 

and highly organized inverteb: 
their time. 
themselves long since extinct, | 


The sea-scorpions, a 
many collateral descendants t! 
alive to-day, such as the little la 
pions, spiders and the so-called 
shoe crab, or Limulus. They e 
a special group of Arthropods 
Arachnids. 
Now we find, underneath a n 
confusing superficial details, t 
basie structural plan of the Arachni 
the same as that of 
and man. Furthermore, nothing 
is found anywhere else in th: 


fishes, reptiles, 


animal kingdom. 
This structural plan, omitting 
ealities, is a very intricate pictu: 


zle, or anatomical pattern, mad 


nerves, sense organs, jaws, gill 
brain, endocranium, notochord 
mentary organs, so as to form d 
groups of organs and bodily r 
each group consisting of a definit 
ber of similar parts and functions, 
all arranged in a definite sequence: 


Fig. 3). 


The agreement in so many f 
mental peculiarities between the pi 
puzzle patterns of sea-scorpions 


fishes is so complete that it practi 
excludes the possibility of a meaning 
coincidence. Its significance is obvi 
The conclusion is forced upon us 
the main ancestral line of man exte 
far beyond the fishes, through the Ostra 
the sea-scorpions and the 
And from t 


coderms, 


arthropod ancestors. 
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OF ALL THE GREAT CLASSES OF ANIMAL LIFE. EACH ANCESTRAL LASS WAS ONCE A LEADING 


TYPE, THE APEX, HEAD AND FRONT OF THE SOCIAL LIFE OF ITS TIME. MAN CAME ON HIS METEORI 
CAREER TRAILING CLOUDS OF RADIANT LIFE WHICH ENVELOPED AND SUSTAINED HIM ON HIS WAY. 
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ENDOCRANIUM AND THE GREAT SUBDIVISIONS OF THE BRAIN ARE AMON 


FEATURES COMMON TO BOTH TYPES. THE CHIEF DIFFERENCES ARE DUE 


OPENING OF THE GILL CHAMBERS INTO THE THROAT OR PHARYNX. THESE 
MENTS AND MANY OTHERS THAT NECESSARILY FOLLOWED IN THEIR WAI 


LIBERATED THE POTENTIALITIES OF THIS STRUCTURAL PLAN AND PRODU 
SURGE WHICH IN HISTORIC PERSPECTIVE APPARENTLY SEPARATES THE 


FROM THEIR ARACHNID-LIKE PREDECESSORS. 





MAN 





BETWEEN THE STRUCTURAL PLAN OF THE SCORPION-LIMULUS TYPE AND T 
VERTEBRATES. THE MEDIAN EYE, THE OLD ESOPHAGUS, OR A PART OF THE 


A NEW ENTRANCE TO THE ALIMENTARY CANAL ON THE OPPOSITE SIDE OF 


MATIC AND FRUITFUL INNOVATIONS IN THE WHOLE HISTORY OF ORG: 
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OLDER STAGE OF 


A VERTEBRATE 


FIG. 3. DIAGRAMS TO ILLUSTRATE THE SIMILARITY 
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THE OLD INVERTEBRATE MOUTH LEADING THROUGH THE FLOOR OF THE BRAIN AND THE OPENING ¢ 


THE HEAD; (2) 17 
OPEN AND SHUT AD 
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way is fairly clear to the jellyfish 
the protozoa (see Fig. 2). 
It will be seen that each of these an- 
stral classes was once a leading type, 


head and front of the advanc- 


apex, 
social life of its time. Thus man 

on his meteoric eareer, trailing 
ds of radiant life which enveloped 


| sustained him on his way. 
This larger and clearer perspective of 
evolution of man, covering something 
»a thousand million years, in all sorts 
physical and social environments, is 
profound significance, not because 
sea-scorpions are more respectable an- 
stors than the mud-worms worshiped 
by the biologists of a generation ago, but 
the 
rbit of man’s ascent, we may better un- 
the that 
There is no 


~ause, knowing so much more of 


governed his 
other 
1usal phenomena of equal extent that is 


derstand laws 


ress, serie of 
so precisely predetermined in its incep- 

n, in the course it follows and in the 
There 
phenomena 


reative fertility of its results. 


is no other series of 


great 
cnown to science where the moral and 
ethical principles of evolution are so ap- 
parent in the performance, and where 

eir application to human affairs is so 
obvious. 

The four outstanding betterments in 
this upward progress of animal life were 
as follows. 

1) The upbuilding of bodily powers 
in each individual on its initial founda- 
These the 
same character and all move toward the 
That is, they are vari- 
ous economic betterments in the give and 


tir ns. processes are all of 


same objective. 


take of vital metabolism which serve to 
enlarge the scope of life. For example, 
the increase or decrease of local bodily 
production; the opening of more direct 
lines of communication, or the enlarge- 
ment of transporting channels for the 


exchange of vital commodities to meet 
the new demands of bodily growth. In 
any 


short, betterment in the mutual 
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service of the bodily parts and organs 
which better ins res the we ire OI tl 
body as a wi nd gives fur vent 
to its latent potentialities 

2) Heredity and parental pr 


This includes all those betterments in 


duplex machinery of sex whereb 
accumulating profits, or heritages 

ar redistributed, renovated 1 eo! 
served It also includes all those be I 
ments in parental shelters, in pa 
foraging and guidance, wherel I l 


rity gives itself up to immaturity. Here 


the universal altruism of life, 1 


preparation ior anticipated emerge! S 
and the sacrificial usage of all tl r 
est faculties of life for the tender germs 
of life are most apparent. 


o er : 
3) Social betterments 


all those betterments in the give and tak: 


of social comm dities, or the destructive 


usage if one al the r’s nowers for 1 . 
ative purposes All such betterment 
tend to strengthen the functional bonds 


that unify and sustain the social 


plants and animals the world over 
They tend to conserve rather tha 
terly destroy more useful 
individual Here the real pur 
of death, or t structive side of 
IS Most appare! 

+) Brains 1 mé \ 
bodily betterment pend o1 
operative nervous unity of | 
and organs another a 
the activities t the ext | ! 


the texture of the central nervous 


Hence the 


complexity of the 


tem increasing volume and 
index we have of all these evolutio1 ry 
betterments in nature’s art of living and 
dying. It is the one visible agency 
coordinates all phases of internal 
and responsively adjusts 
activities of the outer world. 
Thus animal life advances on a very 
broad front, where the 


organ, individual or social group may be 


smallest particle, 





THE SCIENTIFIC MONTHLY 


a leading creative factor. The most 
striking advances are in bodily powers, 
in germinal, parental and social provi- 
sions for posterity, and in the relative 
volume of the brain. 

As we have indicated elsewhere,’ there 
is an unchanging method in all these 
cosmic and organic adjustments that has 
a distinctly moral and ethical quality. 
That is, over all the phases of growth 
and evolution there is a compelling di- 
rective discipline with ample freedom 
for profitable individual variation; an 
overpowering predetermination in the 
‘‘nature of things,’’ but with many fer- 
tile opportunities for adaptive readjust- 
ments, or for getting in right again with 
the new conditions created by growth 
and evolution. This process of adapta- 
tion, or this getting into more fruitful 
relations with the world at large, is the 
biologist’s name for righteousness. 

In the unavoidably mongrel metaphor 
of mechanism and vitalism, matter and 
spirit, nature virtually says to every in- 
dividual thing, dead or alive: Thou shalt. 
Thou shalt not. Thou mayst. Be mutu- 
ally serviceable or be destroyed. Sacri- 
fice lesser values by rightly using them 
to make greater and more enduring 
values. Self-sacrifice by the right usage 
of individual powers for the common 
welfare is the source of all those endur- 
ing profits, or heritages, on which evolu- 
tion depends. Evolution, therefore, is 
the cosmic yardstick of all these basic 
moral and ethical virtues, and the only 
authentic revelation of their creative 
values. 

Good and evil are inseparable factors 
in this method of creation. They are 
but other names: (1) for the various 
processes of destruction, reconstruction 
and innovation in cosmic and organic 
metabolism; and (2) for all those mal- 
adjustments produced by growth of any 
particular kind, and the adaptive read- 

2 W. Patten, ‘‘The Grand Strategy of Evolu- 
tion,’’ R. Badger, 1920. 


justments that are requisite for « 
under the new conditions so pr 
All these factors are essential to t] 
tinuity and progress of cosmic 
ganic life. 

Man ultimately came into being 
ripening product of this compelli: 
determined order, chemical, ter 
organic and social. It matte 
when or whence he came, or w 
the color of his skin or the shay 
thickness of his skull, compared \ 
fact that his whole structure 
havior were the visible expressi 
cosmie creative method that wi 
no other method to endure. 

When first we see him, man 
erect and distinctly different 
his predecessors in that he was pr 
with three highly cooperative 
ments for the larger give and 
social life: (1) hands specially fit 
the making, distribution and ex 
of detachable personal properties; 
articulate speech for the trans 
and exchange of personal experi 
knowledge or ideas, and (3 
‘*brains,’’ far better adapted thar 
before to perceive and utilize th 
ways and means of living. 

The foundations of all these co 
organs of transmission and re 
such as hands, tongue, larynx, ears 
and brains, were laid down in their } 
ent anatomical relations hundreds 
millions of years beforehand in the t 
or even in still more primitive forn 

Thus, with the advent of man, 
kinds of social tissues and social 
tions arose which formed a new sys 
of social metabolism, with new op} 
tunities for adaptation and for profita 
variation and conservation. In fact 


was the advent of a new kind of her 


ity and the initiation of new kinds 
heritages. 

This new phase of life stands on a 
higher level than ever before. It diff 


more widely from the old life, in its } 
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ties at least, than apes do from 
It has produced, in a relatively 
time, 


a greater revolution in th 
change in tl 


living, a greater 
lexion of terrestrial life, than any 
r known organic innovation. 

es, reptiles and fishes, for example, 
] 


means of special 


perpetuated by 
Each one of these 


ls of germ-plasm. 
animals advances on a com- 


ps of 
front under the bondage of similar 
nal heritages. With mankind it is 
erent. All the different genera, spe- 
s and varieties of in addi- 
n to their common germinal heritages, 
heri- 


mankind, 


this new system of cultural 
res by means of which the profits of 
lividual lives are eventually redis- 


ited, 
and 


communized, socially assimi- 


regenerated in an endless 


forms. 


riety of new 
new cultural factors are largely 
xternal and from the 
germinal factors in sexual reproduction. 
Nevertheless they greatly enlarge the 
of heredity. They help to reno- 
and perpetuate the social life of 


These 


quite distinct 


unkind, as a whole, in much the same 


that the living germ-plasm helps to 
vate and perpetuate the life of in- 
dividual organisms. 
Thus all kinds of 
‘tionally unified by their cultural as 

il as their germinal heritages. They 
wavering 


human beings are 


on a 

nt to higher levels. Each individual, 
inder the bondage of his germinal and 
heritages, is a debtor and a 
f, and himself ecre- 
realities of which 


ameba-like, 


vance, 


} 


tural 


editor, a creator < 
] by, the system of 

» is a living part. 

No man ean change or 

his basic method of life 

Man himself is a miniature expression 
t, and ean do his creative work in no 


from 
crowth. 


escape 


and 


other way. 

And so primitive man, dimly perceiv- 
ing the provisioning artistry in the 
activities of a mother-like nature, began 
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some millions veal zo t I 
what it was all al nwitting ly 
tating the alluring mod ilways b r 
him, | also becam in artist ar ! 
anticipating prov an ever pefu 
Visionary, always s KI W his « 
ing vision of realities and his augment 
ing powers, for still larger w ind 
means of living 

With infantile simp 
tried to check or stimulate t 1etir 
of his natural 1 He n id 
pictures of nature’s familiar products 
mocked them, threatened them w d 
aster or summoned them with « 
P1llts, With walil n and gest liations 
to do what he most desired. Ther 
fusing fiction with reality) e 1 
tried to substitute his totems, amu 
and other symbolic toys for the cos 


powers they represented, hoping 
to capture the unattaina 
By this experimental monkeying with 


+ 


the chains that bound him, the scien 


ape-man became a magician, sorcerer 


and medicine-man, a clever juggler wit] 


materialistic symbols, a befuddled mys 
tic misled by the glimmerings ! 
mature imagination, vainly seeking t 
find an effortless w to reproduce the 
creative miracles nature or to escap 
from the bondage « isal 1 S 
The hard-boiled scientist who 1 aay 
dreams of creating life in a test-tube 
is one of the surviving types of befud 
dled medicine-men. 

Believing that |] had finally dis- 
covered the secret of creation, he pr 
claimed himself a l, and as irrior 
prophet or king sought to conquer th 
world for himself and his next I 
But man was s v learning 
slowly learning, that he could not get 
what he wanted in that wa A better 
imitation of the creative way, a bette 


c 


matching of human logie with natur: 
logic was requisite 
learning that he could 


Nature always 


He was slow]; 


never conquer nature, 
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conquered him. He was learning that ing the signs and omens in t!] 
to win, he must first submit, or adapt of affairs, adapt themselves be! 
his ways to her ways by the conquest to coming events. 
of himself. For many thousands of And the human scientist, in 
years, thoughtful men the world over, he is self-adaptive, is an art 
under the pseudonym of religion, were artisan, a practical man labor 
unconsciously recognizing the moral and hard realities rather than a r| 
ethical principles of evolution—such as_ playing with the verbal symb 
the necessity for hard labor, self-sacri- own mental attitudes, or a 
fice, mutual service, righteousness and thinker vainly chasing the t: 
provision for the future—and were own thoughts. He seeks right} 
building these basic virtues into the  terpret the signs and omens of 
foundations of their science and art of going on within and about | 
living and dying. order that he may adjust hims 
With the clearer recognition of these growing world in a more work 
creative methods, and a better applica- profitable way. 
tion of them, the era of sorcery is slowly As an interpreter of his ace 
giving way to the era of scientific ma- store of knowledge, he is 
turity. right a philosopher and th 


The spirit of science is the spirit of sorts, with all those longing 
evolution visibly expressed in the life convictions and self-satisfying 
and growth of mankind. The ideal sci- to the apprehension of fund 
entist—never an actuality, even though truths commonly called religion 
every living thing is in some respects He is also a prophet erying i 


a scientist—has all the great creative erness of stubborn realities ar 
functions of nature cooperatively united ordinated experiences, a prop: 
in himself. For the scientist, even the path-finder, reformer and pea 
least of them, is something more than a_ [or why should man seek for tr 
recording secretary of careful observa- understanding, if not to sow it 
tions, measurements and experiments. its fruits to mitigate the inevital 
He is primarily a knower of worldly flicts of life? But the seed e 
ways and a self-adaptive interpreter of know its own fruit. So the 
what he knows, just as eats and dogs scientist, like primitive man, 
—all of them good scientists in their wondering what life is all ab 
respective specialties—very well know what he ought todo about it 
ach other’s ways and, rightly interpret- he must do in order to live an 








TANT PROFESSOR OF PHYSIOLOGICAL CHEMI 





ean be distin- 






living organism 
euished from the lifeless by its inherent 
In the higher 
rms of animal life two cells are usu- 
for this 
ss, although possibly the only es- 
the 
few 


perty of reproduction. 
necessary 


considered 


ecg 


in- 


tial reproductive cell is 
fertilizing cell 
es, been replaced by simple chemi- 
ompounds. The fertile egg may be 
sidered to be a bit of living proto- 
m with a highly specialized function, 
ely, that of indi- 
lual whose organization 


has, in a 


reproducing an 
and charac- 
ristics are like those of the species from 
We know that the 


ghly organized individual does not ex- 


ich the egg arose. 


st preformed, minute in size, in the 
rg, but infinite number of 


that an 
ysical, chemical and morphological 
anges must occur before the embryo 
emerge fully formed. Of the 
morphological changes much has been 
irned in the last century, but of the 
physical and chemical or physicochemi- 
changes very little has been learned 
-indeed, Needham review 
rticle in 1925 with a remark of William 
Harvey ’s: ‘* Neither the School of Phy- 
siclans, nor Aristotle’s discerning brain, 
have yet disclosed how the hen doth mint 
and coin the chicken out of the egg.’ 
the obstacles which hinder 
advancement in the em- 
bryological biochemistry 
being overcome, chiefly because of the 


closed a 


Some of 
knowledge of 


are rapidly 


1A large amount of the information in this 
rticle has been obtained from the papers of J. 
Needham published in the Biochemical Journal, 
Physiological Reviews and the British Journal 
of Experimental Biology, as well as the papers 
of H. A, Murray, Jr., published in the Journal 
of Experimental Physiology. 
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remarka 








chemical methods, although many d 
culties still rer I Most of tl 
vestigations that have been made on t 
chemical changes which oceur du , 
embryonic development have been mad 






on the easily available hen’s egg, cons: 





: 
conclusions 





quently most of the 






drawn from these investigations. There 


riabie Tactors which can 






are numerous val 





modify the composition 





the rate of development of 


blastoderm. The 


well as 





amount ol VOLK 





bumin and water as well as the thickness 





+ 


of the shell may vary with the diet, s 






} ¥*4 
reneral CONnaItION 





son of the year and 








the animal producing the egg. The 
velocity of the passage of the egg dow: 
the oviduct where the albumin is ob 
tained, the period intervening between 






time ot ¢ 





the time of laying and the 
the egg, the temperature and 





lecting 







humidity of the environment—all a1 
factors which may cause indivi 
variations during development. | 
tilization in the upper part of the ov 





initiates develo 
for from eighteen to thirty-s 


duct 
tinues 
hours, the time 






required for the complete 






some 





formation of the egg by the hen 





times the egg may not be laid for forty 
longer after it 





has been 





eight hours or 





wh 


completely formed, consequently w 
it is laid development of the blastoderm 









may have already passed the stage o 
differentiation into the three germ lay 
ers. Such variations in the length of 
time which the egg remains in the hen 






two eres 





make it very improbable that 
contain embryos 
Poultry farm 


. be dy 





synchronously laid will 






of exactly the same age 
not only 










ers recognize these 
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heated’’ eggs but also the fact that, if 
a hen sets on the eggs for a time after 
laying, development will be further ad- 
vanced than the average. 

Another of the difficulties encountered 
is the fact that the investigator is still 
very much in the dark regarding the 
composition of the more important con- 
stituents of the egg itself. This is es- 
pecially true of the proteins, notwith- 
standing the fact that much work has 
been done. Very little is known con- 
cerning the composition of the albumin, 
although it is one of the few proteins 
than can be readily obtained in quantity 
in a pure erystalline form. Less is 
known about the yolk proteins, the pro- 
teins of the membranes, the proteins of 
the shell, the pigments and some of the 
lipids. Until the ‘‘static’’ chemistry of 
the egg is better understood great pre- 
caution is necessary in the interpreta- 
tion of measurable metabolic changes. 

A difficulty more significant than 
these already mentioned is the indeii- 
niteness of morphological boundaries. 
Many investigators are not careful to 
state exactly what procedures were fol- 
lowed. In eases where separations are 
made into embryo and remaining mate- 
rial, with which should the membrane of 
the allantois be included? When the 
shell and its contents are separated, with 
which should the outer and inner 
shell membranes be included? When 
the yolk sac is being withdrawn into the 
body of the chick, where does yolk end 
and intestinal contents begin? As 
Needham has pointed out, the only solu- 
tion is to adhere strictly to well-thought- 
out boundaries and to state, when de- 
scribing the work done, exactly the pro- 
cedure followed. 

The correlation of chemical with 
morphological changes, in any case, is 
difficult. The embryologist has been in- 
terested only in the early stages of de- 
velopment up to about the ninth day 
when the embryo becomes adult morpho- 
logically, consequently very little is 


known about the changes in th: 
development of the organs in 
stages. However, it is in tl 
that the greatest chemical char 

Regardless of these difficu 
markable advances have been 
recent years in embryological | 
try. One of the earliest observat 
corded was that the egg norm 
approximately five grams in we 
ing the developmental period 
a hundred years later it was 
demonstrated that this loss in 
almost entirely dependent on th: 
ity of the surrounding atn 
Strange as it may seem, betwe 
and 1840 four different invest 
showed that the egg could deve! 
mally in an inert gas such as hy 
or nitrogen, immersed in oil or 
with paraffm. However, this was 
disproved, and it has been demonst: 
in various laboratories that from 3 
liters of carbon dioxide are excret 
the egg during development and 
corresponding amount of oxygen 
sorbed. Near the end of the incu! 
period as much as 350 to 400 cubic 
meters of carbon dioxide are ex! 
day, while in the early stages very 
quantities are exhaled. It was, li 
soon demonstrated that all th 
with the exception of the small 
covering the air space, could b 
nished and the chick still develop 
mally. It is through this part 
shell that the embryo breathes. 

The question immediately arises 
are the substances used by the er 
in the production of this large a1 
of carbon dioxide? Is it protein, { 
carbohydrate, or some of all t 
Needless to say there are no met 
delicate enough to detect the chen 
changes that occur during the first 
hours after fertilization. Consequent 
very little chemical investigation 
been made from the time of fertilizat 
to the end of the third or fourth ¢ 
Until very recently it was generall) 








1 that lipids were the entire source 
ergy for embryonic development. 
ew arose from the fact that when 

is were determined in the fresh egg 
1 the fully developed embryo some 

1 been lost, actually about 2.4 grams 
naverage. This figure corresponded 
tisfactorily, on calculation, with the 
ss in carbon dioxide and heat output 


embryo. The correspondence of 


figures was not very exact but was 
wht close enough to show that lipids 
e the only source. Careful examina- 

of the respiratory quotient after the 
nth day gave a value of 0.73, which, 

ess something very strange was hap- 
the theoretical value for lipids. In 

» words of Needham, ‘‘It might have 
en doubted, however, that fat was the 
important source of energy: there 

ere hints to the contrary in the litera- 
ture. William Harvey had said, ‘and 
therefore the yolke seems to be a remoter 
nd more deferred entertainment than 
» white, for all the white is quite clean 
invasion is 
Urea and a 


spent before any notable 
ide upon the yolke.’ ’’ 
nsiderable amount of uric acid were 
early obtained from the allantoic and 
imniotie fluids so that there should have 
no doubt of the metabolism of 
proteins. 

Although lipids may have been con- 
the predominating source of 
especially in the later stages, it 
should never have been so considered in 
the early stages of development, for 
much evidence points to the use of car- 
bohydrates in this period. The respira- 

ry quotient during the first five days 
is sometimes as high as 0.95 and there- 
after decreases to approximately 0.70, 
indicating quite clearly that glucose or 
some other carbohydrate is being burned 
in the early stages of development fol- 
owed by the combustion of lipids. This 
harmonizes with the fact that in the 
fresh egg there is about 0.5 gram of free 
glucose present and at the end of five 


sidered 


nergy 
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days only about 0.1 gram. Simult 
ously with the disappearance of glucos 
the lactic acid « tent tl erg ris 
reaches a peak and immediately falls t 
the previously low level. The ] S 
attained about the fifth day. <A whi 
the glycolytic behavior of embry t 
sue is examined in vitro it 1s 
there is a marked preferential consump 
tion of carbohydrate by the tissue t 
three to five day chick 

Still more recently very convincing 
evidence has been obtained that proteins 
are also used for energy during the eat 
stages of development. It has long been 
known that no nitrogen has beer t 
from the developing egg, consequent 


ping egg, 
the estimation of ammonia, urea and ur 
acid, end products of protein metab 


lism, should show defi 


. 


not 
estimations 


proteins are 
have been made The al 
throughout the entire 


monia increases 


period of development, but in compari 
son to the dry weight of the embryo it 
reaches a peak on the fourth day. 
amounts of ammonia excreted, however, 
are very small. A period of intensive 
output of urea has been shown to occur 
between the fifth and ninth days. After 
that time its production does not keep 
pace with the growth and differentiation 
of the embryo. The peak of production 
in comparison to the dry weight of the 
embryo is on the ninth day, five days 
after that of the ammonia. The period 
of intensive uric acid production is from 
the seventh to the eleventh day, after 
which the uric acid production does ni 
, 


keep pace with the growth of the em 


bryo. The uric acid peak is seven days 
later than the point of maximum in 
sity of production of ammonia and two 
days later than the same peak for urea 
This period of maximum production of 
nitrogenous waste products, hence the 
period of maximum intensity of protein 
combustion, occurs between the eighth 
day and the tenth day, and this is mid 
periods when carbo- 


way between the 
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hydrates and lipids are, respectively, the 
predominant sources of energy. The 
protein nitrogen lost by combustion dur- 
ing development amounts to about 7 per 
cent. of the total protein nitrogen 
present in the beginning and 3 per cent. 
of the total foodstuffs burned. 

This observation of a succession of 
energy sources leads to another ques- 
tion. Is it due to the available food 
supply present in the egg (ovogenic), or 
is it the order preferred by the embryo 
itself (embryogenic)? The evidence is 
in favor of the latter. Large amounts of 
lipids are always present; all the free 
carbohydrate is not consumed until the 
twelfth day and the injection of glucose 
does not alter the urie acid curve. This 
is good evidence in favor of the view 
that the embryo and not its food supply 
controls the situation. 


ENERGY SOURCES AND THE THEORY OF 
RECAPITULATION 

The theory that the development of 
the individual repeats briefly the evolu- 
tion of the species has been widely ac- 
cepted by embryologists. It is based on 
the comparison between the embryonic 
development of the individual and the 
comparative anatomy of the species to 
which it belongs. There is very little 
biochemical evidence for such a _ phe- 
nomenon ; however, it is possible that the 
order in which the developing embryo 
selects its foodstuffs may have a recapit- 
ulatory significance. The order, carbo- 
hydrate, protein, lipid, being the order 
of selection by the embryo, is also the 
order of solubility in water, of oxygen 
content, of ease of digestibility by en- 
zymes of the gastro-intestinal tract and 
the ease with which they are synthesized 
by solar energy. Some significance may 
also be attached to the order in which 
the nitrogenous end products of protein 
metabolism are produced. The simplest 
product of deamination of amino acids 
is the first to appear, and the most com- 
plex is the last. Ammonia, the most solu- 
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ble and the highest in nitrogen 
is produced first, while uric 

most insoluble and the least in 
content, is produced last and 
for over 90 per cent. of the nitr 

ereted by the chick embryo. Ot 

dence for the recapitulatory | 

non is that the invertebrate en \\ 
relatively richer in sodium chlor 

the newly born, the chick is 

half at fifteen days than at the 

ning, the water content grad 

creases, the enzymes of the 

gradually formed and the mem): 

the eggs of some species are not 

but resemble a mucin. It may | 

the ovomucoid of the hen’s egg 

logenetically reminiscent of f 
when it was used as a membran 


ther biochemical evidence of this t 
will be interesting especially with 1 
to the succession of energy s 
other embryos and the order of 
tion of nitrogenous waste produ 


SoME SPECIALIZED PHASES 
METABOLISM 


| 


A number of chemical chan; 
been investigated which indic 
cialized types of metabolism. ( 

a substance related to muscular d 
ment, is entirely absent from 1 
egg, but its presence has been d 
strated as early as the fifth day 
gradually increases in amount 
after. Several of the amino acids 
stances formed in the breakd 
protein, have been studied. 5 
them remain constant throug! 
entire period of development, 
others show a marked decr 
amount. Inorganic phosphates 1 
during development, while ther 
corresponding decrease in the org 
phosphorus. There is a transfer 
cium from the shell to the en 
The total cholesterol content does 
change, although there is a n 
change in most of the other fat-like su 
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The 
from the fresh egg 


purine bases are entirely 
but there is a 
f them during 
This is without doubt re 


fact th: the 


arked product ion oO 
pment 
the 


to if ‘Se substances 


onstituents otf the nuelele aeid 
is always found in eell nuclei 
With the rapid increase in the number 


ll nuclei of the embryo during the 
opmental period, it 1 
that the purine bases 

also. Many other chemical 
nges have been studied, but the find 


‘ollows, a 


must 


ase 


ys are SO inadequate and contradictory 


no definite conclusions can be drawn 


these changes have been much fur 


er studied. Still other phases of 
mbryonie metabolism have not been 
vestigated at all. 

In all the biological sciences the more 
idvaneed stage has been the first in 
vestigated. Anatomy and morphology 


preceded embryology; the study of the 


thods of curing diseases preceded by 
the of preventive 
likewise the chemical 


nturies practices 


edicine ; invest! 

tions of physiological phenomena have 
been confined almost entirely 
the 
made 


of the 


to the 
adult 
to interpret all 
normal adult 


‘changes occurring in normal 


ind attempts are 


hange in 


terms 





ING HENS EGG 


5 
nd vidual | I 
not } SS: " +] ; ; 
chang n ft du 
MT That (’ } ? } } ? 
n the chick emb ad S ] 
the same thing wi rintl 
ment of the embh iS | ~ 8 
Neit] ra S Tl ! ! 1 
nang rs l l 
the san re | \ ! | 
in the Tutu ‘ IS 
procession phys 
changes, — sot rtainl: 
throughout t 
enerath Ss, S ‘ s 
nat oft rs lt | 
Cease while ! ‘ S ) ( 
quently any ( ( ! 
ol embrvolog cal b ~ . 1) 
advance toward ‘ bett r l | ~ r 
f physiological phenon ! 
The large number nvest , 
are being mad 1 this ‘ 
present time g rise to tl { 
in the future ft remarkable t sfor 
mation of the inert materials 1 
into the fully developed cl 
better understood and the remat 


William 


as it 


still does TO 








A DISEASE AND EVOLUTION 





By Dr. PHILIP R. WHITE 


oO rHOMPSO NS 


THERE are certainly more named dis 
eases, of ourselves and of our domestic 
creatures, plant or animal, to-day, than 
there were a century ago. Whether 
there has been a real increase in the 
number of maladies or only a segrega 
tion and renaming of old ones I will 
leave to the pathologists to decide But 
the fact remains. And for any given 
host there are more diseases. Perhaps 
plants (for as a botanist I ought to con 
fine myself to them) are evolving sus 
ceptibilits to sicknesses once strange to 


them but existent in their neighbors, in 


FOR PLA? 


the same way that Immunities 
evolved If so. under thi 
human order. such deevenerat 
have been doomed to dest 
owe, then, their preservat 


1ric? CLINe ~ 


Perhaps we are bring 
far countries, unwitting! 
them on hosts which, ben 
tomed’’ to them, have not tl 

to withstand them Certan 

enough examples ot that to om 
And perhaps, too, we are brin: 
ceptible but previously unexpos 


into regions infected by um 











ILLUSTRATION FROM GONZALES ‘‘ HISTORIA, ETC.’’ 
EDITION OF 1723. IT OBVIOUSLY DOES NOT ILLUSTRATE THE PRINTED MATTER OF 


rik rwO TREES AT THE LEFT ARE THE ARTIST’S IDEA OF BANANAS, THOSI Al 


PROBABLY PAPAYA. INCIDENTALLY, THE BLACK 


BANANA. 
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BOY IS NO MORE AN INDIGENI PHAN 











A DISEASE 


AND EVOLUTION 


s. maladies If ! ‘r} dob in mp 
ttacKking Oonliv Ww as of ne rs \ ! S 
to us and henes ttractine If vy ! 
Whatever the real expl: diseas 
explanations, man must ack SI s 
s major responsibility. He does se, t S 
dinarily recognize any obligati ! S 
iniverse to correct these slips, but ! 
’ s it heeo s | hy desiral te h, 
to do so And usually in t i. dl \l 
is successful, I thi ( r 
ut Tortv vears ago in some ot 1 nds | 
plantations of Panama and = di 
Rica there appeared a_ diseas 's 
h is now known as the Panan n im 
s S Ban has |! id not et Dbecon Sy 
sehold staple, as th re to-d st mit 
tations were small and seattered ( ) 
nfected areas were isolated Phe her 
sease did not tl ttract muel tter 0 s ki 
But along with the growth « ! mor t 
nee of the host, the disease grew i Ss] S 
rtanee and geographic distribution this Vis 
more rapidly, so that fifteen vears self is useles 
r it had become an Important Tactor til vy t} S 
the development of a large industry ed ove) 
The origin of the disease is buried or vaceines 
ng the myriad other secrets of th vere tl 
pic jungles. First noticed, as I hav circulatory svs 
d, in Central Americ first deseribed tribut { 
m far-off Hawaii and to-day rampant There is 
ugh most of the New World tropies evel di < 
literature Can still say Ol] the Old ever ran 
World continents only that it ** prob plant its Wy 
DIN ** exists thers It may have come watel ed 1 ! 


from the Old World to find a too tender 


st in the probably American-bred 


irieties of bananas, or with equal pos 
sibility it may have lain in ambush for 
turies in those wild relatives of the 
nana, the Heliconias, which are sucl 
prominent features of the lowland 
swamps of the American tropics 
W) atever its origin, the disease has 
finitely fastened itself on a crop which 
is of late become one of the staples of 
» American cuisine, and though it has 
no means come so near annihilating 
ts host as has the chestnut-blight. it 


Can 
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urally immune. Now the great mass of 
work done, especially in the last thirty 


years, on animal and plant breeding has 


convinced us that all characteristics of 
living creatures which are not directly 
traceable to their surroundings are 


heritable and may be passed on to their 
genetic descendants. They, of course, 
will frequently not be passed on to all 
descendants, but the important point to 
us is that they may in any case be trans- 
mitted. 
pox his children will not necessarily be, 
but they have a better chance 
the children of 
And 
we are hunting for any chance. But to 
return to the banana. There are varie 
ties known which the 
Panama disease, but unfortunately they 


If a child is immune to small- 


f being 


naturally immune than 


a child in whom vaccination took 


are resistant to 


are not very desirable commercially be- 


eause of other traits. And there are 
other varieties which are desirable com 
mercially, but again, unfortunately, 


these are just the ones most susceptible 
Knowing the 
theoreti- 


to the disease in question 
facts of inheritance we might 
cally) take a poor but resistant variety 
as one parent, and a good but sickly 
variety as the other and perhaps (and 
as long as we can say perhaps, even 
though it may not carry much convie- 
tion, the attempt is worth while) we may 
get a few descendants out of many which 
will be both But 
here again we are confronted by another 


and resistant. 


crood 


apparently insurmountable and impene- 


trable wall for—anomalous as it may 
seem—no otherwise good banana ever 
had any progeny to be immune! For 


banana is reproduced 
cuttings. It is, 


the commercial 
vegetatively only, by 
as we 
fruit 
those of 


say, parthenoecarpic, producing 


without viable seed. as most of 


readers who have eaten 


And, what is quite 
not have 


my 
bananas will agree. 
obvious, though 


you may 


thought of it, if it did produce seeds, it 
would be no good as a fruit. at least no 
better 


than Proserpina’s pomegranate 
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pontine qraine » CF seedy appl 


if by some hook or erook wi 
veigle a good banana into hay 


eny by an immune species or ar 


species by a good commerecia 
improbability No. 1), and if 
after we have succeeded in co) 


our desired characteristics in th: 


want them, we can then guarant 

our product will not continue 

progeny seeds) to spol the res 

probability No. 2), then and o1 

will we have reached our goal ‘ 


As we have said, the varieties 


nanas in which we are interested 


bear seeds. In fact, | imagine fe 


readers have ever seen a bana 

Yet the mere fact of bearing seeds 
only universal characteristic o 
higher plants. Is it 
nature has made an exception of t 
Actually, it is 
essary to resort to any such far- 
Many, in fact, the ma t : 


of bananas do bear seeds but, quit 


concelvabl: 
gvroup of plants? 
conelusion. 


we should expect, these varieties , 
valueless commercially and conseq! 
known only to the initiated. Som: 
somehow, and as H. G. Wells woul! 
the 


seedy to seedless types has oceurred., 


somewhen, transformation 

haps once, more probably many times 
And since nature has made the tra 
mation, perhaps if we can discove! 
secret of her method we may be al 
reverse her process, to produce ow st 
then, d 


obta 


good-immune progeny and 
ling back on our tracks again, 
seedless-good im! 

appalling 


but se 


the end our final 


result. [| set down an 


have 
number of ‘‘perhapses’ 
never despairs of doing anything 
nature has done before, though th 
may be so prohibitive as to make it 
pedient to do so. 
‘**Somewhere, somehow, somew! 
Where and when are in the past, hist: 
and if it is sufficiently ancient, arc! 
ogy, and if even more ancient, pal 


tology (since we are dealing with at 














A DISEASE AND EVOLUTION 


ie living creatures So we shall 
to eall upon the fellow sciences ot 

vy, archeology, history and ethnol 
» see if they can not help us burrow 
this second wall. 

ilf 


n Tertiary times, somewhere nearly 


rhaps a million and a h: years 


al with the: Peiping man, there lived 


e borders of the jungle in what 


IS 
ba- 


_ the first to leave us any trace ¢ fits 


Colombia. in South Ameriea. a 


existence. It was not such a one as 
{meriecan tourists know in the south 
ds but more like that seen by Bruce 


s search for the sources of the Nile, 


aring an enormous, solitary (lacking 


stem up to form a single 


‘suckers ”’ 


thousand-flowered inflorescence — with 
any small fruits the size of one’s 
thumb. Each fruit was quite filled by a 


small number of black, very hard, 
smooth seeds, quite inedible. All this 
we know from the fossil remains, for 


though only these seeds have been pre 
served to us, they are sufficiently like the 
varieties found to-day, in the uplands of 
Abyssinia, as almost to cast doubt on the 
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DRAWING MADE IN ABYSSINIA ABOUT 
1780 
FROM JAMES BRUCE, ‘‘SELECT SI MENS OF 
NATURAL HISTORY.’’ 

1 James Bruce, *Select Specimens of Natu 
History Colleeted in Travels to Diseove r 
Source of the Nile in Egypt, Arabia, 

Abyssinia and Nubia,’’ J. Ruthven, Edinburgh, 
790. 








tN 
' 
authenticity oO I SSIES I t 
whote group OL bi is TO hel +} 
belong ontiv tT Das I LOSTéE 
S eaTel ne tT} stay 
Wen vou make ufe f the Enfete for eating, y IT 


st immediately above the {mall detached ro 
a foot or two higher, as the plant is of age 


green trom the upper part all it becomes white: wi 


ts, and per haps 


You fir p the 


n 


ie 
foft, ike a turnip well boiled, if eat with milk or butter i 
is the beft of all food, wholefame, nourithing, and eaf 
igefted. 
lated to our edible forms. Curious 
these seeds are the only fossil mal 
left to us anywhere in the world, thoug 
they, like the fossil camels of our ow 
Southwest. are In 1 regi how lo 
since abandoned by their rac So w 
have no geological sign of vhnel whel 


or how sterility originated in the tri 
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Port of plates 


PAINTINGS OF 


OF AJANTA, KHA su, InpiA. THE TYPICAI 


ISTIC MOTIF 


Such chronologies as | am trying to 


construct are always, at first, fragmen- 


tary, but not often so much so as this 
proves to be. We must leap the whole 
life span of the human race and half 


cirele the globe for our next point, to the 
hills of west-central India, in the fourth 
century before our era. Here, freseoed 
on the walls of the wonderful cave tem- 
ples of Ajanta, in Khandesh, we find pie 
tures of the king’s gardens, and in them, 
our bananas; but no 
that 
are probably of bananas of the Abyssin 
What 
happened in the interim between our Co- 
the 
The jungle has buried 
Nor 


us any sign 


quite unmistakable, 


fruits are shown. so these figures 


ian type like those of Colombia. 


lombian fossils and Indian mon- 
arch’s garden 
that secret, perhaps for all time. 
does subsequent history vive 
of any more recent example of the ster- 

sila 
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ilization A century later 
B. C.) Megasthenes, then 


process. 


ambassador 






THE BUDDHIST CAVE TEMPLES 


IN BOTH 























COILED LEAF OF THE BANANA FO 


PICTURES 
Macedonia to Sandrocott 
Palimbothra on the Ganges, 


from 


desc} 


banana in which, as in the Abyss 
one, the stem (as he says, th 
bark) was eaten, calling it Tad 
phrastus does not name it in ; 
fragment but deseribes the leat P 
Strabo, ‘‘ The Geography of St 

ted by Horace L. Jones, the Los ( 

Library, G. P. Putnam’s Sons, New \ 


evendhtUnoav pev yap eis Ta LlaAcuPohp« 
} 
Mevacber HS TPOSs Savdpoxorror yA 
* Megasthenes: ovte noe lydAate 
: .. * , > 
€LVGL LNOE 1€6a Céewmy 0€ 0OUMMer 1tAA JLT EYE 
wev OOpas Onpimv oma yaTaXTavo 4 TiT ee 


d€ tTav devdpEewv TOV dAotor yad ceo 


O€vOpea TAUTA TH lvowv dwn Tada. x" 
7 t.5 a 


Oo viywn 


€7T auTon yaTarep Ten 


~ > 
oyou ova TeEp TOAUTAS. 


Karl et Theod. Miiller, ‘*‘ Frag 
corum graecorum editore Ambrosio,’’ P 
Firmin Didot, 1848-1874. 

Theophrasti Eresii, ‘‘De His 
tarum,’’ Lib. I, Cap. 4, 5-6 ( 


Schneider, 1821. 


Lipsiae, 








\ DISEASE AND EVOLUTION 


Megasthenes’ name changed te 
ssumes that Theophrastus’ intet 
ons of his intormant ’s statements 
rong and that where he speaks ol 
flower and fruit of three trees | 
was deseribing the three parts 


single plant If Pliny is right, the 


Di rastus does speak ot the iruit ot 
vanana, telling how Alexane 
4, BMauti, vel De* {mufa Cap 491 


Mufa quid eft? nota cft. Operatioues,c> proprie 

tates. > | Nutrit velociter,|& eftlenicatiua. & 

ai — multitudo cius generat oppilationes, KX acticin 
we ®" cholera,& phicginate fectidum complexionein 
Membra anhelitus , > peitoris. Contert adultioni 

B. eft grauss gutturis,& pectoris Membra nutrimenti. *| Sto- 
acho prg- machoconueniens ett, & multitudo cius } flo 
ope % &*  machocit grauis valde. Etoportct quidem,vt fu 
io Mat poitiptam calctactusoxymel cum femini 


rum . 


ws, 08 





cune bus, & infrigidatus, mel . Membra exprl {i 
Augmentum ethcit in (permate, & conucnit r¢ 
nibus, & prouocat viinam 

Sind, ** A a { 
= 1 
{ 
e his soldiers to eat it as causing dys 
tery But I am inclined to believe 
Theophrastus was right, in whiel 
se the banana he referred to was again 
the Abyssinian type Even those 


ters of early medieval botany, Avi 
it clear 


] 
‘ 


na’ and Ruelio,.. do not make 


ther they refer to fruit or stem, anc 


savs that it is the 


Serapion® definitely 
and ‘‘heart’’ that was used. It is 
t until the early part of the sixteent} 
tury with Garcia da Orta’® and Fer 
Pliny, ‘‘Plinii Naturalis Historia,’’ XIT, 
6-13). D. Detlefsen ce t Berolin 
Weid nos. 1886 
sain ibn Abd Al I \ 
l (rab pis l 
] per | ! H g 
| a **De 1 
hx ! S. ( n I 
\ dic g 
I n , ™ 
er mis agreg I 
rans Svmonis .] ! 
i ud lortuosiensi n 
Mediolanus, A. Zarot j 
R— O fru jt Italia i 
r ra es g O-— Eu na 








MVSA. 

Auz.:.Mufa Abéme(uai é 

calm i medio primi grad? bu 
midi i fine etus nutrit pax & pro 
prietas tius ¢ cofere ardort q ¢ i pe 
Ctore & pulmoe & uefica & molit ué 
tre & qui utitur eo muled fact gra 
uedicm i ftoaco & opilaricem i epa 
te Koporcer gille qui utitur co mf 
rum fi cuplio etus éfrigida ur bibac 
poft ipiu:n melicracum auc oxime! 
aut zizibercodita Sidaxar auger 
fetai vétremarnas  Alcbilebe- 
mé € medicia boa pectoni & reibus 
& pudcaturiam Liber de medi 
cia duiqua excitat libidiné & eft gra 


ue ftomaco, 
} Bl S 
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With the voyages of Vasco da Gama and 
to the 
to the Gran Canari, “‘las Islas 
Simulta 
neously with the sudden expansion of 
the the find this 
most useful of all plants (I say that ad 
the Canaries to 

Three 


voyage to 


others it was brought west coast 
of Afriea 
Fortunadas ”’ 


and elsew here. 


horizon of world we 


from 
L517. 
completed its 


visedly earried 
Santo Domingo in 
later it 
American continent when it 


Von Humboldt‘ 


tablish its American origin, but the only 


years 
the 
Was earried 
to Peru tries to es 
statement I can find in the authority he 


cites—Gareillasso de la Vega can not 
be interpreted as even implying such a 
thing as far as I can see.’® Thus it re 
turns after fifteen hundred millennia to 


‘*For that is the fruit 
the Indies—they serve them as bread, 
them 


other fruits; 


they use most at 
yea they 
make wine of They eat this fruite rawe 
like they 
make many sorts of potages and conserves and 
well. .. . If this 
it were the most profit 
Acosta, **The 
History of the Indies,’’ 


1609 


likewise roast it, and 


in all things it serveth very 
plant were fit for fire 
able of all 
Natural 


translated by 


others. ’’ José de 


Moral 


Edward Grimston, 


and 
1590 
13 Fernandez, loc. cit.. ‘*fué traydo este lin 
age de planta de la isla de Gran Canaria, el afo 
de mill é quinientos y dies y 
reverendo padre fray Thomas de Berlanga de 
lo Orden de los esta cibdad de 


Sancto Domingo, e desde aqui se han extendido 


Se€VS ANOS, 


por el 
Predieadores, a 
en Jas otras poblaciones desta isla y en todas 
las otras islas poblades de christianos, é los 


han llevado a la Tierra-Firme, y en cada parte 
que los han puesto, se han dado muy bien.’’ 


14 Alexander Humboldt, ‘*‘ Atlas 
phique et physique du royaume de la 


von geogra 
Nouvelle 
Espagne,’’ Paris, 1811. 

15 Gareillasso de la Vega, 
Oficina real, 


‘*Primera parte de 
los Commentarios reales,’’ Madrid, 
1609, 

16 Presenteron muchos Conejos 


ecaseros, Vv 
campestres, muchas Perdices vivas, y muertas, 


Aves del 


mucho 


Agua, innumerables Pajoros 
Mais en 


y otras 


menores, grano y mucho 


amasado en pan, mucha Fruta seca, y verde, 
Mucha miel en Panales, y fuera de effos, mucha 
Pimienta de los Indios, que llaman Uehu, 


eantitad de su Brevaji asi hecho de Maiz, como 


del Grano, que llaman Mulli. En suma, no 
dejaron cosa de las que pudieron traer, que no la 


XVII.) Una Embaja, 


que il Inea 


trujesen. con 


grandes 


Cap. 
presentes, hico a los 


Espanoles 
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the home of its Tertiary 


ahicest 


keeping the secret which we s 


diseover. Geology, archeolow 
tory have helped us not at all 


Linguistics is equally us 


though we can trace Megasthen 
and Pliny’s Pala to the mor 
palam, palon, vala, Kala, K 


dali, Kadli, Kali (whieh is evide) 


rendered in the 
Portuguese of 
Quelli), Kladi, 
while the Malay 
back at to da Orta’s Pic; 
tell that banan: 
staple at the time these languag 


form sixteent] 
Gareia da Ort 
Chuo, 


‘ 


pisang ol to-d 


K lui, 


least 
us only some 
at least two millennia B. C 
ably much earlier than that 

My allies have failed to dig w 
then. There 


recourse By se1entil 


second wall remia 


one some 


degree we must interrogate the | 
itself concerning its past, hidder 
antiquity. And since it is wit! 


ticular variety of commerce, t! 
Michel, that we are especially inter 
it is that variety on which we sl 
ter our interrogation It is he 
can return to my role of botanist 
The details of my questioning 
But the findings the 
are important. We have good r 
that 


living creature, 


ignored.'® 


believe to-day every tiny 


every whether } 


animal (though we are not quit 
about bacteria and a few others) « 
within itself all the potentialities « 
that thes 
tentialities are the impress of the 

not to 

Furthermore, these p 
the 


whole or even in the entire nucleus 


creature as a whole, and 
past history of the race 
Lamarckism 
not in cell 


tialities are born. 


in those special little packets called 
mosomes. If we could read the ins 
tions on these cylinders, as we hav 


17 Fernandez, loc. cit. 

18 Gareia da Orta, loc. cit 

19 Philip R. White, ‘Studies on 
nana,’’ Zeitschr. f. Zellforsch. 1 ] { 


673-733. 1928, 








we find these eylinders lying 
. ost OF mV readers KNOW \\ ! 
s fertilized b spern the eg 
ts bearing | . oe haracterist 
The past history 0 Tl mother 
ordinarily the sper Carri al 
number of packets bearing | 
aracteristic¢s of the father so tha 
progeny will have the sum of thes 
ets If mother and father wer 
vy alike this sum will then very 
ely approximate both parents And 
the parents wer alike and then 
ts. to several renerations, that 1s 


ese little packets from mother and 


ther are so much alike that they f 


‘ha time as new egg 


be formed Throughout most of 


a somet! Inge Trom the position Ss 


as we sav thev were homozvgous 


al 


turally into pairs and remain so until 
rs and sperm are 


the 


of the organism this pairing is rathet 


7 


st and if one sees two suel packets 


Te separated, one 1s not disturbed 


Just before new verm-cells are to 


med, the elements from father and 


it} l 


ughter cells. This stage is what 


the synphase (syndesis), and if 


s stage we find our little packets lvi 


then happens, these packets are 1 


stributed in even numbers TO ay 


thing Is wrong 


This is exactly what happened whet 


Because the phenome! here outlined 
racteristic of both plants and animals 
e borrowed the terms sometimes restricted 


animal field 








iwhters, we can be sure that son 


he 


er seem To draw together into close} 


on before separating definitely to the 


we 
at 


ng 


ot in pairs but scattered, and if, as usu 


oT 


it} 


e 


me to interrogate the banana unde 
ne microscope If | took a piece iron 
root, or (though the roots are the 
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old 


¢hromosomes were to fertilize at egg 
containing twenty chromosomes only 
twelve of the ege’s chromosomes would 
find mates and there would be left over 


eight ‘‘old maids.’’ So long as the social 


intercourse amone chromosomes was 


veneral and the vegetative prosperity 
permitted a single unified community 
they would behave quite normally, but 


when hard times forees the COMMUNITY 


choose 


to divide and those who ean, 
mates excuse my metaphors! these 
eight would be left to wander aimlessly 
on the boundary between the two com 
munities to fall at hazard into either one 
or the other 

| believe that some such thing hap 
pened here 

The banana has then told me a little 
coneerning itselt It has told me that 


cave it twelve chromo 


one Ot its parents 2 
the 
has not told me which parent was which. 
But bi 


sexual plants as it would in unisexual 


somes and other twenty, though it 


that does not matter so much in 


Since each parent gives its off 
half of 
one parent must have had not twelve but 
the 


animals 


spring only its characteristics 


twenty-four chromosomes’ while 
other had not twenty but forty. 
The conelusion is perhaps not obvious. 
We started with the supposition that it 
Was necessary to use the Gros Michel as 
a parent, and its parthenoearpie sterility 
presented a seemingly insurmountable 
But 


itself 


now another possibility 
The Michel 


hinted to us that perhaps, just perhaps, 


barrier 


presents Gros has 


we ean diseover who its were 


And if 


mune to Panama disease, why not breed 


parents 


we can, and one of them is im 
them again, and produce a new immune 
(7ros Michel? It 


tain that either or both parent varieties 


is not, ot eourse, cer 


is now living, for much ean happen in 


five or ten or twenty thousand years, but 
at least we can look. 


It may surprise my readers to know 


that there are not less than, and prob- 
ably more than four hundred named 
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Varieties ol ban; nas reo 


choose That means somernil 


OO) possible combinations 


midable array But let 


Let 


it will be possible to elin 


couraged us delve a 
see 1 
four hundred I ha 


oO! these 


able to interrogate all of then 


are still hidden in the jungles 
Malaya, Burma, Siam, Coe] 
the East Indies and elsewher 
thanks to the United Fruit Cor 


collection in 


150 of 


extensive Panama 


studied them, w 


some 


mode rate ly encouraging results 


ot 


Out them all one single 
native of the Philippines 
to the eall of twelve chromosomes 
IS not one ol those we wanted ul 
der the influence of cold or son 


untoward agency it might be ind 
not half but all 
this | 


vive 


ITS proge ns as heen done 
apples and fireweeds 
the 


him temporarily to the 


So we 


discharge Wi1Tness vet but 
[ find any with sixteen chromosor 
though Tischler found one 


Africa (a 


SUCI 


one ol 


descendant of 


da Gama’s Importations ()] 
with twenty chromosomes b 
are obviously “not ouilty ** for 

them are of the type of the Ab 


banana, six are ‘Shemp bananas 








its ehron Oso 


bene N 


different from any other group, an 


two, one from New Guinea and on 


the Philippines, are possible (| 
even under the unusual condition 
gested for the twelve types. But 
seven varieties answer to the 1 
twenty-four, one of our potenti 
prits, twenty-one of them from 

cion of the Far East where banan: 
sumably took their origin: Jay 
matra, Burma, Malacea, Siam, F 
India, ete. Many of them are 


alike, but there are at least eight « 


species among them. These must 
the 
] 


our eoll 


aside as among possible ¢ 


There were in tion 


} 


IT 


thre 





\ DISEASE AND EF 


s number \ ourselves 
vbrids two with twent 
fHronLlosolies ana Three tT! 
Oo. On single d riet 
( hy had T 1 riit enronie 
but interesting ne of our svi 
varieties Tlie progeny 0 
our and a thirtv-two, had the 
miber, showing @ POSSIDILITV oO 
nrermedilat ruil vrs arislihv i 
al methods 
i now we come to our thirty-two 
osomed types, the first cousins 
ns. of our Gros Michel No less 
| tv-nine varieties with ti s but 


Most ot them, Ike tiie 


appeared 
s Michel. are sterile and they 
most ot the edible 


cle one, *“*“Ta Ni Pa” 
| 


produces seed. and SIX 


forms. Only a 


others o¢ 


onally do It 


Irom Slam, 


seems probable that We 


discharge 


In tl 


all 


these 


as dennitelyv not 


i” same 





1) ieated way 


rtv-six varieties showed thirt: 
OMLOSOTLES each, only two ol them oc 
. onally producing seed, many ol them 
quite indistinguishable f 
s Michel. The 

of their parents was the same as Big 


chael’s At 


se them ol 


rom Tie 


Implication Is 


any rate, we can not ac 


parenting him. I found 


Varieties with rortv-Tour or torty 
nt ¢hromosomes and find Tie latter 
tioned only by Tischler, who was un 


about His 


e to tell me anything more 

levy other than that it came from 
1 and bore a name which suggested 
it might have come originally from 
a Pisane Kladi 

‘But vou hay not 1 tioned any 
‘th answer to the name of forty Orie 

those which vou need as possible par 


Michel!’’ True, I 
For | 


moments of my 


ts tor Gros 


your 


e left those for the last round 


m only at the last 


reh lL had 


dy to acknowledge 


almost given up, almost 


that | have 


might 
that per 
ps the probable origin of that peculiar 
bination 12—20 was 


n mistaken in his parentage, 


not the true one 
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’ possib 
Silt ( 
pore , 
U S ‘ 
(>) . 
ray) ‘ he 
S | mig 
our ¢ t. #3 
iW ( ) e 
brid! An 
! tn Sif ‘ 
U rt I ‘ { (dy 
‘ oO rl ar 7 . 
‘ 
ru) ) 
chew ol houg 
re me oI , : 
nN il anal ( dl 
mistake! No. I ( 
i twenty our ‘ Sol | 
thy Basi0o n 
inomaly such as we had envis 
possibility but not probab ; 
twentv-chromosol tv pes 
had given not halt but ; hic 
S( mes to his progel ’ (nd t sD 
vas actually me } —_ 
than either of its } : 
possibly have beer rent 
Michel eines it wan creat: 
hundred and probab ! < 
ot vears atter ti ‘ tig ( 
Michel, vet ; 
tial parent « sucl eS | \\ 
hye ne;rt ) " ot) or ; 
tial | IS1D oy c " 
low 1 ssib 
mong tT} ryt ~ ' 
? | . r) S F 
t US na 1 ( ~ } 
; - 7 4] et 
theti orty 1 
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twenties. 1 tw d ' 
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total of not more than 138 possible com 
binations, instead of the 160,000 that we 
started with. True, there are some 250 
more varieties that we have been unable 
to take into our survey, but even so it is 
doubtful if we should find enough new 
twenty-fours and forties to bring the 
combinations to a very unwieldy total. 
Thus, where reology, archeology, his 
tory and ethnology have failed to bur 
row under our second wall, by planting 
our banana itself thereon we have sun 
dered it Now the problem must pass 
from my hands, as a_ cytologist, to 
others; to the plant explorer to search 
out in the jungles all other types of ba- 
nanas to be included in our survey; and 
to the plant breeder, to take these pos 
sible parents and test out their progeny, 
to see now whether it will be experimen- 
tally possible really to combine fruit 
characters, productivity, immunity to 
disease and seedlessness, in a_ single 


super-banana. And our third wall now 


appears far less formidable than it did 


at first, for we see that in trying from 
seed-producing varieties to produce 
seedless ones we are only attempting 
what one group of animal breeders does 
constantly, namely, thee mule breeder. 
Taking choice mares and asses, fertile, 
he produces a hybrid progeny which is 
always sterile. So long as we thought 
of the Gros Michel itself as the impor- 
tant race, the double reversal of steril- 
ity-fertility sterility seemed our only 
recourse, and a very difficult one. But, 
looking at our Gros Michel now as a hy- 
brid and its parents as the important 
things, we ean face the dilemma with 
equanimity since it melts into thin air. 
We do not have to reverse our initial 
sterility sinee it does not exist in the par- 
ent and we have good reason to expect a 
sterile progeny. Perhaps we shall con- 
quer our disease yet. Surely it is worth 
trying! 

At the risk of appearing anticlimactie 

am going to present another aspect 

ising from this study, that of geneal- 


Of and ot evolutio 
will notice that in the 
out of 150 varieties 

have numbers which ar 
four. These were eig! 
two (4), twenty-three (2 
four (1), and of these 1 twent 
1 twenty-three were known 
brids. This gives us some 
how the whole race of bananas 
evolved 

It is a well-established rul 


basic number for such a polyplo 
as we eall it, must be not more t] 
the highest common divisor of 
cies numbers (known or unk 
course, sinee it must include ext 
cles as well as existent on 
throwing aside these eight as b 
viously aberrant, we may take 
our basic number l might « 
have found such a one, but sinee ft 
with which we are dealing begar 
that number at least a million and 
years ago and probably much n 
does not disturb me much to hav 
In my search so far. Perhaps it st 
exist in the jungles of Malaya 
have demonstrated « xperiment 
synthesizing our forty type, it Is p 
for a sperm or egg, under some 
tions, to carry with it not the usu 
number of chromosomes but thi 
number. Now that half number 
ing with eight as our first whol 
ber) is four and the whole numl 
eight. Their sum is twelve. This 
ber we find in one of my specimens 
the Philippines If both egg and s 
bore not the half but the whole 1 
the sum would be sixteen, as we 
find it in Tischler’s East African \ 
‘*Dole.’’ I eould, of course, nov 
my twelve and sixteen to get eight 
but I prefer not to for many r 
chief of which is that I have found 
one eighteen and that obviously d 
in another way. But let us contim 
doubling process for a little while 
the case of ‘‘ Dole’* we are perhaps 
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in doing this (or rather assuming 
t it has been done) by our supposition 
it it had just completed one doubling 
ler extraordinary conditions. In the 
se of our **Philippine unidentified’ 

it is designated in ni records WW prying 
even more justified by the vel] thirty 
wn fact that a heterozygous hybr and we 


ten makes itselt homozygous by he possib \ 


ple expedient f splitting all its an even 


‘omosomes in two or perhaps sepal form a tortv-elg 


} 


¢ them and bringing them together ready crossed 
n by uncompleted cell division) thus that case ** Appl 
ating its own pairs We should then twenty-four 
a fertile thirty two which we have probably 
our single representative ‘*Ta Ni Pa”™’ anomalous sv! 
nd a tertile twenty-four which 1s rep the expected 
sented by our large ‘*‘Basjoo”’ group have supposed 
me of our probable parents for Gros with a twe1 
Michel, vou will remember Now eross Michel’’ 
Basjoo’’ (twenty-four) and ‘‘Dole’’ two 
sixteen) and we have twenty, represent thirty 
¢ our hemp (textilis) group which incidental ey 
ibles to form one forty type, ‘‘Ti suppositions 
ret.”” Cross ** Basjoo”’ twenty four haps, ‘Pisang Si 
‘Ta Ni Pa’’ (thirty-two) and we are so much alike 
ve twenty-eight, our single ‘‘ Dorado,”’ ie same grand 


poor, sterile, useless hybrid (the odd f the two is 
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are alike! We might theoretically carry 


on this doubling and hybridizing to in 
finitvy, but as | have said, odd-numbered 


multiples and, even more, fractional 

multiples (22, 25, 34), have a very low 

survival valu Moreover, as we mount — tio) 
our tree the numbers increase entitled 
ance of characters becomes mort for thoueh thi 
and henee the high numbers are less of mytations 
likely to survive. And perhaps, also, evidene 


two million vears Is not long enough for 


higher numbers to have had time to ; 
Crows trom day 
* ‘) t* 
. I\ eertainly not cone 
But what of our Abyssinian banana ae , 
. Ee Irev In ridiculing 
Probably somewhere baek in pre ler 
. theless 
tiary times a twelve type crossed wit! sient 
. 2 ¢COoOmitant 
our ancestral eight, giving ten, and this 
: even better esta 
then doubled to form the twenty of the 
om . ‘ . = perhaps iT IS 
Abyssinian This is quite a different 
. : scope as 1s the 


origin from the ‘‘textilis’’ twenties and 


plaved a muel more 


much more ancient And this in turn 
reaching role than has 
lost two of its chromosomes to form our 


’ . oly yloid renealtory 
single eighteen Perhaps Professor poly) 


; ‘Xal le but tvpical 
Muller’s cosmic or earth rays caused ‘**™P eee 


‘ gcroups and also occurs 


these chromosomes 4) use sometime in 


» 4 
: or ‘re rio n rotesso} 
their bearer’s travels between Colombia [erent origin , 


1: ) fruit-flies ut do it 
and Abyssinia (we ean not say in which OW! Prurt-Mie But I do ne 


. “VN it ‘ Oo 
place, if either, they originated At drawn into ans col 
any rate we now have 2 pretty ecom methods of CPVOLUTION 
miy readers to judge 


plete though admittedly hypothetical 

renealogical tree conclusions 
We have shown, then. 

which the problem of disease 


be attacked by one who is not 





THE TREE THAT DOES NOT YIELD A 
PROFIT 


By W. W. ASHE 


acres © 
timbe r but 
This area ol 


the size of the State of V 


res) 


his problem of ¢ Pr ¢ Vastater 
I 


eut-over woo 

¥ associa 
tree 

is he ell t] ec 


to cut ee above 


s often followed because 
ble To deeid 


profitable to cut 


purchased and pai 
were apprehensive 
terial would be left 
paid There has been justification 
vever, for this dilemma 


lew problems in industrial en 


eines 
have been more perplexing than the 


ermination of the size of the tres 


ch it pays to cut and the relative 
fits which can be made from euttine 
| manufacturing into lumber trees 
Terent sizes As a result of this ie 
rance millions of small trees have been 
rly sacrificed. contributing only a 
s to those that eut them 


his problem of the unprofitable 


heen perplexing TO those envacver 
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Photo by W. 
A STAND OF RED PINE IN MICHIGAN 
WHICH PROBABLY WILL BE CUT CLEAN AND ITS INVI MENT 


IMPAIRED. NO INFORMATION IS AVAILABLE A ro THE 


SIZES TO WIII 


{ PROFITS 

















of maxin and tl 


tinh pronts, 


wl ich are secured nt one ¢ pe ra 





ft he applicable 


} sequently may mn 





ther 







ther. While this is the case, 

ina given region and for a desig 
sind of timber a comparatively 
range of variation The results 





ese investigations mav thus be 
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rdized by regions and by kinds 








difference in the cost of operating 


and 


factors 







trees results from sev 


1 
small 





ne is that lar more 





t of wood must be handled in pro 





from logs whiel 





e a foot of lumber 





t from small trees tl 


an in produce 









foot of lumber from logs from 
trees So lone as the wood 1s in 





the bark must be 
sidered and added, since the bark is 


all 


es until its journey as a loge ends upon 


wow. the weieht of 





hand 





Its 





rt of the loge through 






saw carriage, where the log is sawed 


Since 





board more weight must be 


dled, 
required 





labor and a longer time 
The difference in the 
handled 


‘ 


more 






rit ot wood which must he 





s roughly indicated by the number o 






square feet of board which can be sawed 
ma eubie foot of solid wood Only 
feet of such lumber can be 


square 





nufactured from a cubic foot of wood 





trees eight inches in diameter, but 5.4 





ol boards Can he produced trom 





s taken from trees which are sixteen 





Trom trees 


Loews 





hes in diameter 






how 





four inches in. diameter, 
r vield b.s board reet To each eubic 
t of 


larger proportion of wood lost in the 





nty 





that Is, 





wood there IS a 





solid 





edgings and 


the 


m of sawdust. slabs. 





mmings in sawing up smaller 





Ss 





\egvleceting the difference which re 
ts from the 
of bark it 


weight of logs 


the 





Variation in propor 
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Photo by W. W. Asi 
\ STAND OF HARDWOODS 
IN THE MOUNTAINS OF NEW ENGLAND, WHICH ON ACCOUNT OF THE LARGE PROPOR 
SLENDER TREES OFFERS AN EXCELLENT OPPORTUNITY FOR THE APPLICATION OF THE P 


CUTTING FOR MAXIMUM PROFITS. 
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number ¢ 


as the 

floes. Exact costs for handling 
f different sizes have been secured 
ing each step in the logging woods 
the sawmill operation Chis tin 
van at the stage when the tree was 


1, that is, when the little chip was 
out of its base which determines 
reetion in which the tree will fal 


p watch followed the felling ot 
ree and kept the time through the 
ent steps to the final act of all 
the lumberman bade good-by to his 


wt and the finished lumber ready) 


se was loaded in cars for shipment 


ana 


distributing vards in towns 











been Col 





investigations have 


ted at a number of plants, among 
ers at that ot the (‘rossett Lumber 
mpany, which manufactures at its 


Kansas mills more than 


vellow-pine 


rty million board feet of lumber a 
ir. The figures secured at this and at 
er plants as a result of these investi 
tions have hee have raged The \ show 
during the time required to fell and 
it into logs enough eight-inch trees 


] i 
as enouecn 


produce 1.000 reet of boar 


es can be cut from twenty-four-inel 
es to produce 2,500 feet. For this 
tivity it is two and a half times as 
stly to handle eight-inch trees as 





; 


enty-four-inch trees. The actual cost 


is and other activities will \ in 
the 


relative 


tl ary 


ferent parts of country as wages 
but the 


Terent sizes at any specified operation 


ror trees ol 


COSTS 
vary essentially as does the relative 
which has been determined for this 
vity. 

the 


sup- 


\nother important step is sawing 
boards It 
efficient band saw 
than 
lumber 


Ss into costs at a 
edly 
Alabama thousand 

to the 


are cut from trees eight inches in 


mill operation 
more $9 a 


convert into logs 


meter. 


At the same mill it costs less 


amount of lum 


$2 to saw an equal 


THE TREE THAT DOES NOT YIELD 





I I | + 
ol 1 Isai! 
Ih} 1! ra 
eS S 
TI s ~ ~ 
Tike | ie he. Ti ~ 
} ri } 7 ~ 
primal 
rather ! 


bliss 

In i cll 
COSTS r sa 
boards I 4 
( COST IS ST 
must be une 
portable eit 
primal ! 
Ss] ate 
wl ; ory ) ‘ 
very si s 
trom trees ~ 
tc: off , 

re ~ 

Kelli " 
! means 1 

hy 


sawmill opera 
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tating a logging 
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the tree Some 
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LEN TIFIC 


amount f timber 


amount of timber 


ageregate 
ich IS available 
transportatio | » smaller is’ the 


which must charged against 


amount 


each thousand feet f timber for erect 


ine the mill and for building the rail 


items are KnOoWnh as con 


road. These 
struction costs or construction overhead 


Likewise, there are some items ot 


Costs 


essentially 


cost like drying which are 


eonstant. revardless of the amount otf 


timber which is cut or the size of the 


trees from which the lumber is manufae 


tured. The average sawmill operator as 


a rule claims that after a mill has been 


placed, after the railroad has been con 


structed or a road graded or improved, 


it IS more economical to cut the smaller 


trees than to leave them. In ease the 


timber has been purchased at a lump 


further incentive to cut 


, | ' 
Sui This IS a 


clean l'requently this ** pound Ol 
flesh?’ 


After making a full allowance for th 


is taken at a dear cost 


nerease in the cost of manufacture, be 
cause of distributing the construction 
costs over a reduced cut of lumber, 
it has been clearly shown at the opera 


tions investigated that even the trees of 


what might be called medium size are 


being cut at a loss (other trees are cut 
Which vield only the seantiest profit, too 
little in fact to make a satisfactory re 
turn on the investment. This is particu 
larly so in the eastern states in the 


operation of the class of timber known 
as second growth in which close cutting 
is the prevailing practice 

The plants at which these investiga 
typical 


tions have been conducted are 


} 


plants, cutting typical stands of timber 


The conditions at these mills can be 
duplicated at many others. The stands 
of timber were quite similar to many 
stands which farmers sell to sawmill men 


or which they themselves eut 


] 
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cutting 
based 
thoroue ani | ) easts of 
peratiol Thi analysi showed 
n cutting tl il would secure a 
er aggregate prot I! tS entire 
m than if it 
rsize or even 
Crossett Co 
r concerns as have adop 
pohey, ar curing the highest 
rrom t! el - it Tl ey are 
no trees W ‘ha complete analy 
their operation shown to be 
rofitabl This policy has been ex 
| by some companies so as to leave 
trees which could be operated at 
a nominal profit The result is 
such concerns can look forward to 
rofitable reeuttine of land i al 
This second cutting in som 
s will have the henefit of trees nearly 


as those in the natural virein 


nd and will vield a large proportion 


the high and valuable grades of lun 
It will have low logging costs and 

n will result in conditions which wil 

mit the operation be continued 

efinitely 

\ further and likewise an important 


‘t of this problem is the influence 
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Photo b i it 


GROUP OF SHORTLEAF PINE 

\RKANSAS THREE YEARS AFTER CONSERVATIVE LU MBERING M PROF 
PLES. THESE TREES COULD HAVE BEEN REMOVED ONLY AT A LOSS, YEARS 
SUCH TREES WERE BEING CUT IN THIS OPERATION. AS THE 
ISOLATION THES! 


\ PROFITABLE SECOND Cl 
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GROWTH FOLLOWING TREES IN LESS THAN 
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ENTY SUCH TRI 







































s compared with those 


in TIormer years 


and would not be nearly so large 


se waste lands are yielding their 


and there is no possi 


s no income, 
income from them for many) 


»come. They are lands in which 


yners have largely lost interest as 


investments: lands which the 
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rs hope To sell. To pass on oO some 


and retail for 
that 
value characterizing 
of 


low rate 


perhaps to subd ide 


ng purposes; lands lack any 


nt of 
r investment 


i 


present 


or any hope early 


‘constant returns even at a 


nterest State and county, more 


revenue from such lands, for 


the 


lose 
long run they yield 
Fortu 


the whole in 
ot Taxes 


million 


Way 


little in the 


acres are 
Tl a bur 


or it does impost 


o five 


v, the eighty 
ttered among many states 


of carrying them, 


burden of extra taxes upon other 
perty, is therefore somewhat dis 
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poorer 
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them up 
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than 700,000 acres 


large areas of 


ners 
rticularly in Michigan 


nnesota, have in tact given 


lan continue to taxes 
higan alone more 
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unfortunate situation is that 
land 


rate ol 
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million 
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at the more than a 


es a vear as timber lands « 
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ire earning powers, without an at 


mpt being made to preserve their in 
stmental value 

In the past sawmill communities have 
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ployees have been 
in other indus 
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HYDRAULIC LABORATORY RESEARCH 4 
THE STATE UNIVERSITY OF IOWA 


By Professor SHERMAN M. WOODWARD 


OF MI ANICS AND HYDRA cs. co 


INTEREST in hydraulic experimenta peculiarly advantageous 
tion has increased remarkably during undertake the experimental so 
the last few years. This development a great variety ot hydraulic 
has been stimulated by the efforts of the Through the Cenerosity 
engineering profession to persuade Con- donor, the university owns th 
vress to establish a national hydraulic power produced by a 
laboratory, and doubtless largely also high, across the river 
by the publication by the American campus 
Society of Mechanical Engineers of the At the east end of the dam 
monumental volume compiled by John — electric plant, which may be us 
R. Freeman entitled *‘Hydraulie Labo- desired for experimental purpos 
ratory Practice,’” devoted chiefly to a which is ordinarily used to 
description of the work of the numerous power for general university 
hvdraulic laboratories in Europe the west end of the dam is a r 
lowa University, because of its pie- hydraulic laboratory arranged s 
turesque location on both banks of the large a flow of running water as 1 
lowa River, a stream three hundred feet needed in’ experimental invest 


wide with an average flow of over one may be used, up to the whole fh 


thousand eubie feet per second, is in a river. 
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STUDYING THE EFFECT OF TURBULENC! 


ON I LGISTRATION OF 


The advantage of having available building = are 


such a large supply of running water tanks, seal 


Cs }) pine ana 
vithout the necessity of pumping it Is experimental equipment 
tremendous practical assistance in The growing demand 
performing large-scale experiments. provements for 
The head under which this large stream — storage navig 
can be used is, of course, limited to the | water-power 
height of the dam. For experiments re evolution of 
quiring a higher head it is necessary to | machinery, ha 
pump the water used lems requiring 
The hydraulic laboratory includes two — their solutio 
iin features. First, a straight con hvdraulic labe 
crete canal, ten feet wide and ten feet has not been 
deep, about two hundred feet long, quests for the u 
wated along the river bank parallel To in this line some oO 
he thread of the river. This canal re tant of the investigations that 
ives its water-supply through a large undertaken will be deseribed 
ad gate in the end of the dam, and 
LOW 


scharges its waters back into the river 


its lower end. 


Second, over the lower end of the w through pipe eulve 
nal, a building sixty feet long, thirty thirty-six inches in diam 


et wide and four stories high. In this through box culverts up to 
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METHODS OF PREVENTING EROSION BELOW 
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MODEL OF A SECTION OF THE DES MOINES RIVER AT OTTUMWA, IOWA 


LOOKING UP STREAM. 
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MODEL OF THE DES MOINES RIVER WITHOUT CUT-OFFS 
LOOKING DOWN STREAM. 


mine the changes that take place in a 
stream of water having a constant cross 
section flowing around a_ 180- 
degree bend. The pressure and velocity 
of the water were found to vary at dif- 
ferent points to a surprising degree, and 
these changes follow definite laws, a 
knowledge of which can be applied use- 
fully in a great variety of hydraulic 
machines and structures. 


when 


THe Hypravuutic Jump 

Numerous experiments have been 
made on the hydraulic jump, both when 
stationary and moving, and in channels 
of various shapes. 

HypRAULIC CONDITIONS AT A FREE 

OUTLET 
When water is discharged from a 


pipe, flowing full, into the air with a 
free fall at the outlet, rather surprising 
changes take place in the pressure and 
velocity distribution within the pipe 
close to the outlet end. Numerous ex- 
periments have been carried out to de- 
termine the laws that apply to these 
phenomena. 
WEIR EXPERIMENTS 

Various questions have been studied 
relating to factors determining or modi- 
fying weir coefficients. 

BACKWATER SUPPRESSORS OR HEAD 

INCREASERS 

Whenever a flood occurs on a stream, 
all the water-power plants suffer from a 
loss of head at the plant. In low head 
plants this is often so serious as to cause 
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the plant to shut down during the con- 
tinuance of the flood. Experiments 
have been made on various suggested 
methods and devices for turning the 
flood flow into a help to the power plant 
instead of a harm. 


CALIBRATION OF THE KEOKUK 
SPILLWAYS 


In times of flood in the Mississippi 
River, the amount of the flow is esti- 
mated by using the spillway gates on the 
dam across the river at Keokuk, Iowa. 
These gates are of so large a size that no 
similar openings had ever before been 
carefully rated. In cooperation with 
the Mississippi River Power Company 
the discharge through the spillway 
openings was carefully measured, after 
which a small model one eleventh the 





size of the spillways was constructed in 
the hydraulic laboratory. It was found 
that the flow through the model corre- 
sponded as closely as could be measured 
with the flow through the full-sized 
structure. This proves the great value 
of a small hydraulic model for predict- 
ing the operation of a full-sized strue- 
ture. 
Erosion Betow Dams 

Whenever flood flow has to be carried 
over or through a dam across a stream, 
there is danger of a serious erosion of 
the stream bed below the dam. This 
menace to the dam is greatest with dams 
built on a soft foundation, such as clay, 
eravel, solid rock 
foundation is not available. We have 
experimented with several devices for 
destroying the energy of the rapidly 


sand or where a 








FLOW ACROSS DOUBLE-TRACK RAILROAD EMBANKMENT 
FIFTY CUBIC FEET PER SECOND FLOWING OVER A TEN-FOOT SECTION OF FULL-SIZED EMBANKMENT 


DEPTH ON UPSTREAM RAIL 1.3 FEET. 
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MEASURING THE OBSTRUCTION 


TO FLOW OF WATER CAUSED BY PILE TRESTLES. 


RAILROAD PILE TRESTLE BENT. 


flowing water and for protecting the bed 
of the stream from dangerous erosion. 


FLOoD PROTECTION FoR OTTUMWA, 
Iowa 

At the request of the city officials, 
there was constructed in the hydraulic 
laboratory a small-scale model of a 
stretch of the Des Moines River about 
three miles long through the City of 
Ottumwa. On this model experiments 
were made to determine the effect of 
various cut-offs in the river channel in 


THIS VIEW SHOWS A FULL-SIZED SECTION OF A 


FIFTY-SIX CUBIC FEET PER SECOND FLOWING PAST PILE BENT. 


reducing flood heights and dangerous 
erosion. The results obtained proved 
highly satisfactory and are being used 
in planning protective improvements 


that will cost upwards of a _ million 
dollars. 


DiverRTING FLoop WATER ACROSS A 
CANAL 
Where flood water was doing much 
damage on account of an inadequate 
outlet, it was proposed to divert the 
flood water across a canal into a river. 
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FULL-SIZED 


TEST SECTION 


OF DOUBLE-TRACK RAILROAD EMBANKMENT TEN FEET IN LENGTH. 


At the request of the U. S. army engi- 
neers, laboratory models of various 
types of gate structures were made and 
tested until a satisfactory type was de- 
veloped. In this manner at a cost of 
only one per cent. of the completed 
structure, it was possible to compare a 
number of quite different types of pro- 
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FULL-SIZED TEST SECTION 
OF HIGHWAY EMBANKMENT, TEN FEET LONG 
WITH TWENTY-THREE-FOOT CROWN. 








posed devices and to select the one most 
suitable. 
FLow THrovuGu Gates 

In some important titles to water 
rights and contracts regarding flow 
through gates, dating back over a hun- 
dred years, it was found to be practi 
eable to duplicate in the laboratory the 
original gates and to calibrate them for 
all openings. 


FLow Across Highway AnpD Ral- 
way EMBANKMENTS 
During high floods it frequently hap 
pens that a part of the flood discharge 





FULL-SIZED TEST SECTION 
OF HIGHWAY EMBANKMENT, TEN FEET LONG 


WITH A TWELVE-FOOT CROWN. 
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MEASURING OBSTRUCTION OF PILE TRESTLES 


TO THE FLOW OF WATER. 


PILE TRESTLE BUILT TO ONE FOURTH SIZE OF 


TRESTLE. THIS MODEL 


REPRESENTS A PILE TRESTLE FORTY FEET LONG. 


flows embankments that have 
been constructed for highways and rail- 
roads. In order that flood protection 
works may be intelligently designed, it 
is necessary to estimate the amount of 
For this purpose 


across 


past flood discharges. 
a knowledge of the rules and coefficients 
for flow over embankments is essential. 
To obtain such information short see- 
tions, ten feet long, of full-sized high- 
way, and both single track and double 
track railway embankments, were con- 
structed in the experimental canal; the 
amount of water which could flow across 
these embankments at different depths 
was then measured. 


BripGeE Prers 


For generations past the amount of 
the obstructive effect of bridge piers in 
interfering with the flow of streams has 


been a subject of debate. Many experi- 
ments have been made in the laboratory 
on models of bridge piers of various 
shapes and sizes to determine the degree 
to which they retard the flow in the 
channel. At the time careful 
studies have been carried on to deter- 
mine the effect of the piers in producing 
disturbances in the flow of the water by 
which erosion of the bed and banks of 
the channel may at times be dangerously 


Same 


inereased. 


Fiow TurovucH TRESTLES 

Trestle bridges are still much used for 
both highways and Their 
effects on flood heights is a live question 
on which information has been almost 
entirely lacking. Extensive experiments 
to throw light on this subject have been 
recently carried out. 


railways. 
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All this hydraulic laboratory research 
at Iowa University has been under the 
general direction of Professor F. A. 
Nagler. 

The different problems that have 
been enumerated cover a wide range. 
Some relate to the fundamental laws of 
hydraulic science, problems through 
whose solution we may hope to advance 
the whole field of hydraulic engineer- 
ing. Others deal with the reliable deter- 
mination of experimental coefficients, 
giving data of definite practical value in 
the ordinary daily work of the engi- 
neer. Still others, such as the reduced- 
seale models of proposed construction, 
may be chiefly valuable in connection 
with a single location. They are most 
useful in trying out varying proportions 
and devices, in directions that are not 
subject to theoretical computations. 
They also are of great use in demon- 
strating how a completed structure will 
look and act and so are of invaluable 
assistance in helping to decide between 
different proposed types of device. In 
our experience a study of a model cost- 
ing not over one per cent. of the cost of 
the full-sized structure has saved many 
times the cost of the study by securing 


the most effective and economical design 
for the need to be met. To limit prog- 
ress in hydraulic engineering to such as 
ean be accomplished through critical 
and experimental study of full-sized 
structures after they have been built is 
too slow a method for present-day needs. 
A most elementary experience in testing 
models of hydraulic structures will 
quickly demonstrate that often a sur- 
prising—almost wonderful—improve- 
ment in their design for the purpose of 
securing some wished-for results can be 
obtained by modifying the original de- 
sign by changes that are quickly and 
economically worked out by changes in 
the model. 

Hydraulic engineering is made inter- 
esting by the fact that the solutions of 
its problems can never become standard- 
ized. Every project in hydraulic con- 
struction presents its own peculiarities 
in situation and conditions, peculiarities 
requiring individual solution. Probably 
this fact has contributed largely to the 
great expansion of interest in the build- 
ing of hydraulic laboratories in recent 
years. Additional facilities in this line 
will apparently continue to be needed 
for years to come. 
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CRYSTALS 


By Sir WILLIAM BRAGG 
DIRECTOR OF THE ROYAL INSTITUTION, GREAT BRITAIN 


I nave found it rather difficult to 
choose a title for this short talk. At 
one time I thought of calling it ‘‘dia- 
monds’’ because the diamond is the king 
of erystals. But when diamonds are 
mentioned every one is apt to be thrilled 
rather with their extraordinary value in 
money than with any other characteris- 
tic. And that is not at all what I want 
to talk about. There is that in diamonds 
and all erystals which is much more 
wonderful than the curious fascination 
which they exert on lovers of jewels. 

First of all let me remind you that 
erystals take on innumerable forms. 
Diamonds and rubies and other precious 
stones are recognized as crystals by 
every one. We have all seen crystals of 
snow and ice, of sugar and of salt. Most 
people have picked up erystals of quartz 
or rock-erystal, and wondered at their 
clearness, at the perfect flatness of the 
faces and the sharpness of the edges. 
Of course, a drug-store or a chemical 
laboratory is full of erystals of many 
kinds. 

Those who work in metal find that all 
their materials are crystalline in char- 
acter more or less—and indeed the erys- 
tals in a metal can often be seen by the 
naked eye. The strength of a piece of 
metal depends very directly on the size 
and number of the erystals which it con- 
tains. The break-down of a metal struc- 
ture is sometimes due to the fact that 
the small crystals are apt to grow into 
large ones, especially when there is 
much vibration; and that makes for 
weakness. 


When we begin to look more closely at 
the things about us we find crystals 
everywhere, and I must tell you in a 
moment how this is done. Even our 
bodies are partly crystalline: there are 
crystals in bones and teeth. Still more 
surprising is the fact that there are 
erystals in hair and wool, in cotton and 
silk and rubber. In fact, there are 
crystals or something approaching 
thereto in all the things about us. And 
the strange fact is that this crystalline 
form, though it be generally unobserv- 
able by the eye, is of first-rate impor- 
tance to the behavior of substances, to 
the part which they play in nature and 
to the use we men make of them. Con- 
sequently it becomes important both for 
the sake of pure science and for the 
sake of industry to find out what this 
erystalline structure really is and what 
we can do with it. 

Now in recent years we have been for- 
tunate enough to discover a means of 
looking into the nature of things more 
closely than ever before. We use the 
X-rays. It is not very difficult to get a 
general idea of the way in which the 
X-rays can do for us what ordinary 
light.can not. The fact is that X-rays 
are also a form of light; they are of the 
same nature as light but of a very dif- 
ferent quality. They are far finer in 
texture. The use of radio transmission 
has made us more or less familiar with 
wave-lengths in the ether; waves of a 
few hundred meters or yards are com- 
monly employed. Light also consists of 
waves in the ether, but they are about 
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a thousand million times shorter than 
the waves of radio transmission. The 
eyes of living creatures are so made that 
they can detect these waves, and in 
doing so, are able to see. They can not 
see wireless waves; neither can they see 
X-rays, the waves which are ten thou- 
sand times shorter even than the waves 
of light. Thus we get the idea of a wide 
range of quality in these waves, but only 
a small range affects the eye and can 
properly be called light. Our eyes may 
be likened to a radio set which can only 
take in waves within a certain narrow 
range of frequencies. The vision of 
some people is still more limited than 
that of the average person. We say 
that such people are color blind. 

What should we see if our eyes could 
take in a wider range? We should have 
new colors presumably, of which we can 
no more form an idea than a man who 
is color blind to red can imagine what 
red is like. 

One thing only we can be sure about: 
the shorter the wave-length the finer the 
detail that can be observed. Small 
things want small waves to show them 
up. One can get some kind of parallel 
effect in radio itself. The long waves 
that are used swing round hills and 
buildings, so that the listener can often 
hear though a straight line can not be 
drawn from the receiver to the source 
without passing through solid masses; 
hearing may not always be so good but 
it is generally there. 

Now light waves would be of no use 
if they behaved like that. If they did 
we should swim in a sea of light but it 
would be much the same in all direc- 
tions. Whichever way we looked we 
should be receiving light from all the 
surrounding objects; we should have to 
exercise care even to sort out whether a 
thing was in front of us or behind. We 
must have light that turns corners as 
little as possible. Even in radio trans- 
mission when a so-called ‘‘beam’’ is 


wanted—a ray which will keep more or 
less straight without spreading—short 
waves of twenty or thirty meters only 
are employed. Now small details can 
be kept distinct only when the rays of 
light from them keep very straight. 
For this reason there is a limit to the 
smallness of things that may be seen by 
the aid of ordinary light; not even with 
the aid of the microscope can that limit 
be overstepped. In the same way it 
might be possible to detect the presence 
of a mountain by its effect on radio 
transmission; but radio could not be 
used to find a house or a tree. 

But the X-rays enable us to see, if I 
may use the word, what light can not 
show us. Of course, we have to replace 
our eyes by specially made instruments. 
And when we use the X-rays we find 
ourselves in a new world which is always 
about us, which has to do with the struc- 
tures of ourselves and all our surround- 
ings and with the way in which those 
structures are fitted for their work. 
This new world has hitherto been hidden 
from us. 

First of all, we are struck with the 
constant tendency in nature to arrange 
in order the atoms of which all things 
are made. The carbon atoms which 
make up the diamond are arranged in a 
beautifully simple pattern, one of the 
most regular of all the patterns we find 
in crystals; and no doubt we have here 
the reason why the diamond is so hard. 
When it is rubbed against other sub- 
stances in which the forces that tie the 
atoms together are less strongly and 
systematically combined, it is the atoms 
of the second substance that must shift, 
while the diamond remains unchanged. 

With the aid of the X-rays we can 
peer down into the pattern of the ice 
crystal, so fine in detail as to be far be- 
yond the power of light to examine, and 
we see the atoms of oxygen and hydro- 
gen arranging themselves to make six- 
sided figures which, when multiplied 
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enormously, make the crystals of snow 
and ice with which we are familiar. 
There is a certain pattern, requiring 
only a few atoms of carbon, oxygen and 
hydrogen, of which nature makes wide 
use in all plant life; all plants contain 
tiny crystals formed by repeating this 
pattern. We are beginning to under- 
stand the structure of this unique sub- 
stance called cellulose, which is obvi- 
ously of first-rate importance to every 
living thing that is rooted in the ground. 
There is a certain way which carbon 
atoms have of stringing themselves out 
into long chains with special little 
groups at each end. Of these also we 
begin to see and measure the details, and 


THE SCIENTIFIC MONTHLY 


get a first idea of how their structure 
affects their properties. These are the 
fats and oils, alcohols and paraffins. 
And so on. 

It is easy to understand why the erys- 
tal form is now being so eagerly studied. 
From the purely scientific point of view 
the research is fascinating, while on the 
industrial side every one who handles 
materials containing crystals, and that 
is a wide range, metals and stones, hair 
and wool, cotton and rubber and paints, 
and a host of other things, finds that the 
behavior of what he handles depends 
always to some extent, sometimes to a 
large extent, on the crystals which it 
contains. 


THE PAST AS LIVING 


By Dr. JOHN C. MERRIAM 
PRESIDENT, CARNEGIE INSTITUTION OF WASHINGTON 


THe words past, present and future 
have such definite significance that it is 
difficult to conceive of anything which 
could change their meaning. The pres- 
ent is living, the past is dead and the 
future unknowable. But, in reality, our 
appreciation of these things in individ- 
ual day-to-day life is based upon nar- 
rowly limited experience. This may be 
illustrated by what is found if you have 
opportunity to take a great telescope 
and look out over the heavens. The 
astronomer will tell you that the stars 
and other objects examined are so far 
away that we do not see them as they 
really are at this moment. Although 
light travels with enormous speed, the 
rays bringing the image of these heav- 
enly bodies to our eyes require a little 
less than two seconds to come from the 
moon, eight minutes from the sun, about 
four years from the nearest star and 
more than one hundred million years 
from the farthest objects thus far known 
in the universe. 





So, in reality, we observe the stars 
and planets arranged not only according 
to their position in space, but with ref- 
erence also to different stages in time. 
The nearest objects correspond as it 
were to yesterday; the farthest we see 
are, as it were, living and functioning 
in the age of dinosaurs. In terms of 
history of the earth, they correspond to 
a time before the Rocky Mountains were 
formed. Moreover we see all these 
things as fully real, and in operation at 
the same moment, though in different 
places and different ages. 

In a recent speech I told this story of 
the various stages of time as all seen at 
once in the heavens, and in making the 
statement I remarked that these relative 
times depend upon both position in 
space and rate of communicating vibra- 
tions as represented by light-waves. 
One of my hearers remarked afterward 
that while I was speaking the transmis- 
sion apparatus on the desk before me 
was broadcasting the talk throughout 
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the city and country, and that since no 
amplifiers were provided for the audito- 
rium I was probably heard in the sur- 
rounding region before the sound 
reached the auditors at the back of the 
room. The hall was of considerable 
length, and the speech was being car- 
ried only by relatively slow moving 
sound within the room, but by rapidly 
moving radio waves outside. If, as my 
friend believed, the outside country was 
aware of each word earlier than the lis- 
teners at the rear of the auditorium, 
then the observing of what was happen- 
ing there had a relation the reverse of 
that described for the stars in heaven. 
The more remote places in space were 
nearer in time than those close by. 

When, as in the illustrations given, 
one begins to recognize past and present 
as if together, the barriers cutting off 
the past seem less formidable. Time 
appears then as a larger place in which 
to move about, and the past, which has 
been counted as dead, comes into consid- 
eration along with the present. 

The relation of time to space as we 
now see it gives a changed appreciation 
of what the past may mean. But there 
are two other views of corresponding 
importance, both of which are naturally 
linked with the first. One relates to the 
living aspect of the past; the other con- 
cerns the unbroken or continuous nature 
of events through past and present. 

But, in spite of all one may say, it is 
true that in average human life the past 
is something that appears relatively 
valueless. We say the past can not be 
changed—the future can be moulded. 
Let the dead past bury its dead—turn 
to the living future. And so I believe 
we should view the situation, unless the 
past is seen to live. But the instant the 
past takes on reality, it seems almost to 
become a part of our lives to-day. It 
certainly becomes one of the most im- 
portant elements in moulding the 
future. It is largely regarding this 
point that I am speaking. 


In general the more remote a thing 
seems in time the less its reality, and 
with this goes naturally the assumption 
of its relatively sharp separation from 
anything concerning our personal lives. 
But it is upon the vitality of the thing 
in the past that our interest depends. 
Though fading into dust, the flower we 
find upon the coffin of an ancient king 
stirs again the springs of human tears, 
as when placed there long ago it symbo- 
lized a last caressing touch. 

Recently in a great ruin in the South- 
west I examined the dwellings of an 
ancient race that lived at Mesa Verde. 
The beautifully constructed dwellings, 
in caves high up on the canyon wall, 
made one realize the presence there of 
many generations that struggled with 
the peculiar problems of that arid 
region. 

In one room of these buildings the 
smooth covering of mud, plastered upon 
the wall, had fallen away. Examining 
the texture of the material I noticed 
that the lower coating was marked with 
innumerable prints of fingers. The first 
masses of clay had been pressed care- 
fully into the spaces between the stones. 
The marking of each finger, every joint 
and corrugation had been left on the 
surface. This work was not merely that 
of indefinite human beings of ancient 
time. It represented an individual man, 
who doubtless bore a name, had friends, 
perhaps also a family. Whether this 
was his home or only a place in which 
he shared the comforts and protection of 
the community we may never know. I 
trust that when this particular piece of 
work was finished, he was cheered by 
having some one say to him, ‘‘ This looks 
good to me.”’ 

Not far from these cliff dwellings [ 
stopped at a trading post to buy some 
Hopi Indian pottery. The manager, a 
man with an inquiring mind, showed me 
a slab of rock from a nearby quarry, and 
upon it a peculiar impression. The 
Indians had called attention to the fact 
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that in this solid rock were many ‘‘cattle 
tracks.’’ Some of the trails crossed the 
rock and excavation showed them con- 
tinuing into the hill. The Indian knows 
**real tracks’’ from ‘‘might be tracks.’’ 
He had no doubt about these particular 
ones. In the same formation are many 
skeletons, but cattle do not appear 
among them. The great bulk of the 
remains are ancient American camels, 
which also have cloven hoofs. These 
rocks belong to an age antedating the 
last great period of mountain making in 
America. Millions of years would be 
needed to give the measure of their re- 
moteness in time. But over this arid 
landscape of to-day the Indian pointed 
out the trail of cloven hoofs in the rock. 

As one travels over the earth, the 
wonders of these living pasts are multi- 
plied, sometimes made known by 
science, sometimes by instinctive recog- 
nition of untutored students of nature 
such as the Indian. Always there is 
borne in upon one the inescapable real- 
ity of a vast stretch of time linked with 
the present. 

Commonly the elements of the story 
as we find it are only isolated episodes. 
There are few places where one may see 
it illustrated in such a manner as to im- 
press upon us the picture of its reality, 
continuity and scope. As nowhere else 
in the universe we find at the Grand 
Canyon of Arizona the evidence of 
moving events in the clear order of 
their occurrence, and so visualized that 
one sees, as it were, the panorama of 
history in operation. This story illus- 
trates at least one thousand million 
years of action so presented that one 
may not mistake its meaning. 

I have already stated that in looking 
out over the heevens we see many stages 
of time in different places. In the 
Grand Canyon we see a vastly longer 
stretch of time with all the steps or 
stages shown, as it were, in operation at 
one place and at the same moment. 





THE SCIENTIFIC MONTHLY 


In the vast wildernesses of the past, 
such as are encountered in the Grand 
Canyon region, one may explore with a 
sense of reality like that in the wild and 
unknown regions of the earth to-day. 
The shifting continents of ancient time 
—the changing seas—world after world 
of strange forests and creatures that ex- 
ceed the weirdness of fiction—pass under 
the adventurer’s eye. So fully aware is 
one of what they represent that they 
are no longer dead, but come into new 
life through a resurrection made real by 
the interpretation of science. 

These elements of the world from 
past time illustrate the interlocking of 
events so that all appear as one story. 
In their continuity they also interpret 
in an extraordinary way the modes of 
operation in nature, which we call laws, 
operating in similar manner throughout 
time and space. 

Once they are conceived as reality, 
and as expressing a continuous process, 
the past becomes the basis upon which 
the present and the future must be built. 

Some years ago, a man whose conduct 
had been investigated, because he did 
not agree with others as to how public 
affairs should be conducted, was re- 
ported to say that, considering his 
recent experiences, he would be happy if 
he could be ‘‘as sure of his past as he 
was of what he would do in the future.’’ 
In this instance, the future was im- 
proved by study of the past. So with 
reference to the story of life as a whole. 
It is the longer reach of acquaintance 
with history that gives us the best guide 
for the future. We may not change the 
past, but we may build upon it. We 
may not wholly determine the future 
but we may mould it according to what 
we learn from the past. Those are 
wisest who build upon the longest ex- 
perience extended into the farthest 
reaches of the future. 

The tendency of modern science to 
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consider the relation between time and 
space—or, in another sense, to disregard 
what have seemed to be barriers in 
space and time—has made possible some 
of our greatest advances in knowledge. 
But this broad-mindedness is not found 
only in seience. It has expressed itself 
in business, where more and more great 
projects not only look forward to a more 
distant future, but build themselves 
upon the broad foundations of long 
experience. 

Not only does wisdom indicate our 
need of knowledge for the whole of space 


and time. It also is clear that no gen- 
eration may live to itself alone. There 
may be no higher degree of selfishness 
than that of any generation which disre- 
gards both the future and the past and 
denies to those who have made sacrifice 
the right of the continuing influence of 
their accomplishment. 

So, as an illustration, it is a part of 
our duty to-day to guarantee that the 
poppies that grow in Flanders shall 
represent a widening circle of influence 
from lives that have not been lived in 
vain. 


LIGHT AND THE GREEN PLANT 


By Dr. JOHN M. ARTHUR 


BOYCE THOMPSON INSTITUTE FOR PLANT RESEARCH 


Tue present state of our knowledge 
regarding the nature of light is well ex- 
pressed by the following dialogue: 


‘*What is light, Mr. Staller?’’ asked the 
professor of freshman physics. 

**T did know, but I have forgotten,’’ replied 
the freshman. 

‘*That is too bad! So far as I am aware, 
you are the only man who ever knew and now 
even you have forgotten! ’’ 


While we are uncertain as to the exact 
nature of light, in this modern age of 
reason we are naturally interested in 
finding out more about it, what its char- 
acteristics are, how we can measure it, 
what effects it has on plants and ani- 
mals. No one doubts the supreme im- 
portance of light. Even primitive man 
must have been impressed with the im- 
portance of light to his continued ex- 
istence. In the first chapter of Genesis 
light was the third act of creation. 
After orienting the heavens and the 
earth the next logical act of the creator 
was to put energy into the system, the 
energy of light. 

Contemporary physicists think of 
light as radiant energy visible to the 


human eye. This includes the primary 
colors and all their various shades, red, 
orange, yellow, green, blue and violet, 
which can be separated from sunlight by 
means of a prism. The word ‘“‘light,’’ 
descriptive of the third act of creation, 
necessarily included the shorter rays not 
visible to the eye, the ultra-violet, X-rays 
and cosmic rays, since these are a part of 
the same system of radiant energy. The 
longer rays beyond the visible at the red 
end of the spectrum, the infra-red and 
radio waves, fit naturally into the same 
general scheme of radiant energy and 
were also originally included in the word 
“‘light.’’ At the risk of being accused 
of inaccuracy in terminology we will use 
the term sunlight in the broadest sense 
to include all regions of radiant energy 
received from the sun. 

Sunlight is the great source of energy 
upon the earth. Moonlight has been 
thought to exert some influence on the 
growth of plants, but on account of its 
exceedingly low energy value it has little 
or no effect on the process of photosyn- 
thesis—the process in which the green 
plant uses the energy of sunlight in the 
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synthesis of sugar, starch and cellulose. 
We naturally think of three main re- 
gions of sunlight: the infra-red or heat 
region; the visible region, including all 
the primary colors, and the ultra-violet 
region. We are interested in knowing 
whether these regions affect plants 
equally in proportion to their relative 
energy values. More than 50 per cent. 
of sunlight is in the infra-red. Green 
plants grown from seed under a dark 
glass or other filter which transmits 
only infra-red appear white, because of 
failure to develop the green pigment, 
chlorophyl. The plants will continue to 
grow until all the food material stored 
in the seed has been used, but they will 
weigh no more than similar plants grown 
in a dark room and will eventually die. 
This region of sunlight apparently has 
no value to plants other than a tempera- 
ture effect. The energy absorbed aids in 
the evaporation of water and in increas- 
ing the temperature of soil and air. 

The other extreme of sunlight, the 
ultra-violet region, has been found to be 
especially important in the life of the 
animal. The ultra-violet of sunlight 
which is not transmitted by ordinary 
window glass produces vitamin D, the 
vitamin which prevents rickets by indue- 
ing calcium fixation in the bone tissue 
of young animals. So far as has been 
determined, there is nothing comparable 
with this in the case of plants. Several 
species of flowering plants have been 
grown under a glass which transmits 
80 per cent. at the extreme ultra-violet 
limit of sunlight and no differences have 
been observed in the growth habit, time 
and amount of flowering or amount of 
green tissue produced as compared with 
plants grown in an ordinary greenhouse. 
We have yet to find any distinct advan- 
tage to the plant in growing it under a 
glass which transmits the extreme ultra- 
violet region of sunlight. When plants 


are grown as food for animals, however, 
there is a possibility that some plants 
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grown under a glass which transmits 
this region will contain more vitamin D 
than those grown under ordinary win- 
dow glass. 

On the other hand the ultra-violet of 
sunlight has not been found to be defi- 
nitely injurious to plants. Experiments 
have shown that the short-wave ultra- 
violet produced by a mereury vapor are 
lamp in quartz is very injurious. These 
rays will produce considerable injury on 
the leaves of tomato plants in an ex- 
posure of 30 seconds. It is interesting 
to note that this region is quite generally 
toxic to both plant and animal cells 
where it is absorbed. It is effective in 
killing bacteria and in killing the virus 
which produces the mosaic disease of 
tobacco, as well as producing violent 
sunburn on our own skin. Fortunately 
this destructive radiation in sunlight is 
absorbed by our atmosphere so that it 
does not reach the surface of the earth. 
The exposure time necessary to injure 
plant tissue increases rapidly with in- 
ereasing wave-length, and it is believed 
that the ultra-violet limit for sunlight 
could not produce the typical ultra-vio- 
let injury upon plant leaves. It can not 
be pointed out too strongly, however, 
that one needs to overstep this extreme 
limit for sunlight by an extremely nar- 
row margin to produce great injury 
upon plants. 

The visible region of sunlight is most 
important in the unique process of green 
plants, photosynthesis. Approximately 
45 per cent. of the total energy of sun- 
light is in the visible region. For this 
reason sunlight is a more efficient light 
source for growing plants than the ordi- 
nary Mazda lamp which has only 4 per 
cent. of its light output in the visible re- 
gion. The energy of sunlight is ab- 
sorbed by green leaves and used to 
build up carbon compounds such as 
starch, sugar, cellulose and wood out of 
carbon dioxide from the air and water 
from the soil. This process is not effi- 
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cient. It has been estimated that less 
than 1 per cent. of the total energy of 
sunlight falling upon the leaf is used. 
Yet inefficient as it is, this process is the 
ultimate and sole source of energy for 
our food and fuel supply. 

Most of us unthinkingly regard sun- 
light as a more or less constant value. 
When we observe the brilliancy of a bat- 
tery of electric flood lights the first ques- 
tion we ask is, ‘‘How does this compare 
with sunlight ?’’ 

The answer is, of course, that the 
lamps do not compare with sunlight. 
Electric lamps in general are infinitely 
more constant. Sunlight varies in both 
quality and intensity from minute to 
minute, day to day and season to season. 
Yet all these variations have limits and 
we realize that plants somehow manage 
to grow within these limits. We might 
conclude from this that plants are in- 
sensible to wide variations in light qual- 
ity and intensity, or even that they will 
grow in about any quality or intensity. 
Only by exceeding the limits of inten- 
sity, quality and duration ranges of sun- 
light can one be convinced that, after all, 
the plant not only is not indifferent to 
these changes, but is attuned to some of 
them and is easily injured whenever the 
natural range is greatly exceeded in any 
direction. 

In order to test some of the effects of 
light quality several species of plants 
were grown in a greenhouse covered with 
a red glass filter which transmits none 
of the blue region of sunlight. These 
plants very much resembled those grown 
in a dark basement except that the green 
pigment, chlorophyl, developed. The 
stems were very long and weak and the 
leaves were narrow and thin with a 
tendency to roll from the midrib towards 
the margin. Similar plants grown in 
another greenhouse covered with a blue 
glass which transmits no red were small 
plants, normal in appearance except con- 
siderably dwarfed. Neither the red nor 


the blue region of sunlight is sufficient 
to grow normal plants. Some light en- 
ergy from both ends of the spectrum is 
required. 

It is well known that in our latitude 
the length of day increases from the 
winter solstice in December to the sum- 
mer solstice in June and then decreases 
again. Light intensity follows a similar 
seasonal increase and decrease. Average 
temperature shows a corresponding in- 
crease and decrease reaching a maximum 
and minimum, in general, a month or 
more later than corresponding points on 
the daylength and light intensity curves. 
That is, while the longest days of the 
year come in June in our latitude the 
highest average temperature occurs in 
July. 

Likewise it is well known that certain 
plants flower only in the spring or fall. 
Others flower only during the summer, 
while a few plants flower continuously 
during the growing season. It is evi- 
dent that plants are attuned to certain 
seasonal climatic factors as regards flow- 
ering. In order to study the effects of 
these factors it is important to be able 
to control all climatic factors and vary 
each one at will. Garner and Allard, 
working at the U. 8. Department of 
Agriculture, showed that some plants 
which normally flower in the fall, such 
as the late cosmos, could be made to 
flower in early summer by exposing the 
plants to daylight from 9 A. M. until 
4 P. M. each day. These plants were 
attuned to flower only on short days. 
At the Boyce Thompson Institute for 
Plant Research plants have been grown 
in an artificial climate using, in one 
case, daylight supplemented by artificial 
light each night and in another, all arti- 
ficial light. Forty-eight 1,000-watt elec- 
tric lamps of the ordinary incandescent 
type were used as a light source to sup- 
plement sunlight in the first case. These 
lamps were carried upon a crane which 
was moved over a greenhouse at night 
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and moved off again during the day so 
as to avoid shading. In the second case 
twenty-five 1,500-watt lamps were used 
as a light source in a basement room 
approximately 11 feet square. Tempera- 
ture and humidity were accurately con- 
trolled by means of standard air-condi- 
tioning equipment and the earbon di- 
oxide concentration of the air was closely 
regulated. 

Many plants grow well in such an arti- 
ficial climate. Red clover plants were 
grown from seed to flower in thirty-eight 
days, while the grains, spring wheat and 
barley, were grown from seed to flower 
in the same time period. While many 
plants grow well when illuminated con- 
tinuously, certain plants, such as the 
tomato, require approximately a six-hour 
period of rest in a dark room each day. 
The length of day affects flowering 
whether sunlight or artificial light is 
used as a light source for growing 
plants. That is, long day plants such 
as lettuce and radish which normally 
flower in the early summer flower on 
daylengths greater than twelve hours. 
Everblooming types, represented in 
these experiments by buckwheat, flower 
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on all daylengths from five hours to 
twenty-four, while the height of the 
plant increases regularly with daylength. 
Short day plants which normally flower 
in the fall, such as salvia and ragweed, 
flower on short days of twelve to fifteen 
hours or less. Many victims of hayfever 
in southern Illinois have no difficulty in 
recalling that they normally start to 
sneeze on or about August 15 each year 
when the ragweed comes into flower. 
These unfortunates are indirectly at- 
tuned to daylength. 

When we are able to reproduce nat- 
ural conditions in artificial climates 
more accurately we will no doubt find 
many other plants attuned to either one 
or a group of natural climatic factors 
which vary with the season. Such 
studies, we believe, will result in a more 
intelligent handling of plants. While 
we are at present mainly occupied in a 
study of some of the fundamental con- 
ditions associated with plant growth, we 
hope at the same time to remain alive to 
the possible application of our studies 
to the benefit of those of our own 
generation. 


HYGIENE 


By Dr. WILLIAM A. WHITE 


SUPERINTENDENT, ST. ELIZABETH ’S HOSPITAL, WASHINGTON, D. C. 


THERE is nothing mysterious about 
mental hygiene except that we have 
always thought of the mind, when we 
have thought of it at all, in terms of our 
ignorance about it, and have felt that it 
was a great unknown territory. In fact 
the study of the mind, psychology, until 
recent years, was taught as a branch of 
philosophy. It is only within the present 


century that it has won a place for itself 
among the natural sciences, more par- 
ticularly among the biological sciences 
or the sciences that treat of living beings. 


I have said there is nothing mysterious 
about mental hygiene. We have long 
been familiar with the term ‘‘hygiene,’’ 
and we have recognized its significance 
as an effort to live healthy lives, but we 
have thought of it in terms of our phys- 
ical bodies and their function and not 
in terms of our minds. We have recog- 
nized that hygiene requires a reasonable 
amount of rest, a reasonable amount of 
exercise, good and properly selected food 
in adequate but not too great quantities, 
pure drinking water and a thousand 

















other things. But we have not recog- 
nized that all these, and many more, are 
really only means to an end, and that 
what man lives by really is not food and 
drink but ideas and ideals, desires and 
hopes, aspirations and ambitions, and 
these are matters of the mind. A recent 
book by a noted Italian on this general 
subject sets forth his objective in the 
following vigorous words: 

I write . . . to dislodge indifference to the 
momentous subject of eugenics, to lay open to 
the public conscience the dangers of bad habits 
and of certain defects of our present school 
system, to call attention to the responsibility 
of the government, to fan the fires of the in- 
exhaustible energies of our race which now lie 
sleeping under the ashes of inertness, of igno- 
rance and of old customs. I write for the in- 
vigoration of our spirits and for the discipline 
of our lives in health, in strength, in new re- 
ligion, in beneficent liberty. 


This is a rather ambitious program, 
but it is along the lines that I have sug- 
gested, for it deals not with the material 
needs of life but with the immaterial 
and more important things that we live 
by. Further than that, this program 
has other very specific references and 
indications. Man has never worked out 
a very adequate understanding of his 
mind. He has always accepted what he 
found there. People believe or doubt, 
they hope and they fear, but they rarely 
ask themselves why they believe or 
doubt, or why they hope or fear. These 
mental facts have been accepted and 
acted upon practically without any con- 
sciousness that they are subjects, or 
could be made subjects, of scientific in- 
quiry. We are accustomed to apply our 
science only to concrete things which 
ean be seen, to animals, to plants, to 
planets, to erystals—not to these intan- 
gible ideas which seem to escape us the 
moment we attempt to inquire into 
them. But man is a very ingenious ani- 
mal. The possibilities of his inquiring 
mind are unknown but capable, without 
doubt, of very much greater develop- 
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ment even than they now have. And so 
with that everlasting curiosity of his 
which has unearthed so many secrets of 
nature, he has now turned his attention 
to these intangible ideas. He has be- 
come for the first time profoundly in- 
terested in his own affairs. He is ap- 
plying scientific methods to their study 
and elucidation, and he is beginning to 
insist that the great facts of science as 
they are discovered in all its various 
realms shall be made to point in his di- 
rection, that there shall be asked the 
question, ‘‘Of what value is this fact to 
me, how can I profit by it, how can man- 
kind be improved by its application?’’ 

The twentieth century has given birth 
to this great interest, which is rapidly 
and certainly gripping the imagination 
of peoples in all parts of the world, and 
man is applying his ingenuity in at- 
tempting to discover answers to the 
questions that have puzzled him for 
generations: Why do people become 
mentally ill? Why do they become 
criminals? What is the meaning of un- 
happiness and discontent? How can 
habits that are destructive be modified? 
How can the energies that are being 
poured into useless activities be recap- 
tured for the common good? 

Difficult as some of these questions 
may seem, unanswerable as they may 
appear, it is nevertheless true that we 
are moving in the direction of better 
and better solutions; that progress is 
being made, slowly perhaps, but, after 
the manner of science, with certainty ; 
that the domain of false ideas and tra- 
ditions, of superstitions and taboos, of 
nameless fears, of destructive tendencies 
—that the domain of these hobgoblins of 
the mind is being gradually invaded, 
that they are being studied with the 
purpose of their modification and ulti- 
mate conquest. Mental disease is be- 
ginning to give up its secrets. We are 
beginning to learn how to deal with 
problem children. We have already 





tte teh ok he ER OE OE Ae 











348 THE SCIENTIFIC MONTHLY 


glimpsed the problems which the crimi- 
nal presents and have some idea of the 
direction in which to look for their solu- 
tion. We have attacked the difficulties 
and maladjustments of the industrial 
world. And in a thousand and one 
ways we have made efforts to find out 
the laws which obtain in the sphere of 
the mind and which must be observed 
if one is to be mentally healthy. All 
these things and many more are of tre- 
mendous significance to every one, and 
it is the purpose of my few remarks to 
direct your attention to them, to invite 
your interest in this comparatively new 
field, for you will, I am sure, see un- 
folded in these various directions during 
the next generation facts of the utmost 
significance to the welfare of mankind. 

Many of you who are listening to me 
will undoubtedly say to yourselves, 
‘‘This is all very interesting but what 
application has it to me? I am not in- 
sane, I do not expect to become insane, 
there is no insanity in my family, my 
friends and acquaintances are all self- 
sustaining, mentally well individuals so 
farasI know. This whole matter is one 
only for the exceptional individual, who 
will be adequately eared for by the 
means that are provided by the state 
and a few private hospitals.’’ If this is 
your conception of the significance of 
the problem of mental illness, may I say 
to you at once that you are quite wrong? 
To-day the number of beds in hospitals 
for mental disease throughout the 
United States is very nearly as great as 
the number of beds in all other types of 
hospitals combined ; and a recent report 
shows that of the beds under construc- 
tion there are actually more beds being 
built right now for mental diseases in 
the United States than for all other dis- 
eases put together. In other words, you 
are certainly occasionally sick, almost 
every one of you, and these figures 
would indicate that you have on the 
whole pretty nearly as much of a chance 


of being mentally sick as you have of 
being sick in any other way. For- 
tunately, this statement is not quite 
true, because while there are as many 
beds in mental hospitals as there are in 
all the others, the number of patients 
that pass through these beds is much 
less because the patients stay on an aver- 
age very much longer in the mental hos- 
pitals than they do in the general hos- 
pitals. Nevertheless, when I tell you 
that the statistics recently compiled of 
New York State, which I may remind 
you contains approximately 10 per cent. 
of the population of the United States, 
show that of the residents of that state 
one person in every twenty-two over the 
age of fifteen spends a certain portion of 
his time in a hospital for mental disease 
during the course of a generation, you 
will begin to see the significance of men- 
tal disease and to realize that after all 
you individually may not be as immune 
as you have been wont to think. 
Therefore, mental illness is not rare, 
it is not exceptional, it is not something 
which may not affect you individually 
or those whom you may love. No one is 
immune; and I have no doubt that many 
of your friends and many of the families 
the members of which you know could 
tell you of cases of mental illness which 
they know about or which are actually 
present in their own families, if they 
would. Let me add to this somewhat 
startling picture the fact that the num- 
ber of patients in public institutions for 
the mentally ill has increased something 
like 300 per cent. in the last half cen- 
tury. This does not mean necessarily 
that mental disease itself has increased 
at any such rate. It is partly an ex- 
pression of the increasing confidence of 
the public in the mental hospital. But 
it is nevertheless a somewhat alarming 
state of affairs, especially when I tell 
you that according to the statisticians 
we are due to keep up this rapid rate of 
increase for the next half century at 
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about the same pace that it has been oc- 
curring during the past fifty years. If 
you could visualize this adequately it 
would be translated first into the mate- 
rial things—hundreds of millions of dol- 
lars for hospitals, hundreds of millions 
of dollars for salaries and wages for per- 
sonnel to take care of these sick people 
and hundreds of millions of dollars 
wasted because of the inefficiency and 
failure of earning capacity of these 
patients while ill. It would represent 
also a loss to society of the services of 
these thousands of individuals not only 
expressed in money but in the many 
other ways in which their services would 
have been rendered. Husband and wife 
are separated ; parents and children are 
separated; households are broken up; 
families become dependent upon public 
charity, and in many other ways the loss 
on the material side is enormous. But 
think in addition what it means in suf- 
fering and death, in the failure to func- 
tion adequately as caretakers and di- 
rectors of the new generation repre- 
sented by the children. Think what it 
means in terms of crime and anti-social 
conduct generally, of wasted and aborted 
effort in all sorts of directions. 

Perhaps no one affliction of mankind 
is so far-reaching and so destructive in 
its results both to the individual and to 
society at large, and all these things af- 
fect you, my listeners, very directly. 
You are now paying a very large per- 
centage of your taxes to take care of the 
mentally ill, in one form or another. 
You are subject to all sorts of regula- 
tions and restrictions which were made 
because there are some people who need 
to be controlled. You are subject to 
the contagion by suggestion of all sorts 
of aberrant ideas which may be on the 
road that leads to mental illness. You 


are in every conceivable way closely af- 
fected by this great menace, and it is 
for you to assist all who are making the 
effort to minimize the ill effects that flow 
from this source as far as possible, to 
assist the mental hygiene movement, 
which has as its ultimate goal the pre- 
vention of mental disease, to help secure 
the adequate care of those who are ill at 
the earliest possible moment so as to in- 
sure the greatest number of recoveries, 
and in every way to spread that knowl- 
edge of mental disorder and that desire 
for mental health which is calculated to 
counteract it. Just think of what has 
been accomplished with such a disease 
as typhoid fever, for example. During 
the past year, of eighty-one cities in the 
United States of over 100,000 popula- 
tion, five reported no deaths from ty- 
phoid fever during the year, whereas 
twenty-eight reported less than one 
death per 100,000. It is hardly to be 
expected that any such results as that 
can be even hoped for in the realm of 
mental disease, because in a very real 
way mental illness of one sort or another 
(and in this term I inelude what are 
ordinarily known as the neuroses as well 
as the more serious mental sicknesses), 
represents the price that we pay for 
being civilized, and the progress of 
civilization seems to be closely interre- 
lated with this whole question of mental 
illness. But what we can do is to un- 
dertake to see that we do not have to 
pay too great a price. We can make a 
concerted effort to reduce the cost of the 
advantages of civilization, and there is 
every reason to believe that this cost can 
be very materially lessened. So I plead 
with you to join your interests with 
ours, to help wherever you have a 
chance. 











CHEMICAL ATOMS AND SUPERATOMS' 


By Dr. EDGAR J. WITZEMANN 
UNIVERSITY OF WISCONSIN 


In a recent essay* the writer at- 
tempted to demonstrate that the atomic 
conception, when used in the sense of 
structural or functional units, is a tool 
universally employed. It became evi- 
dent that the clear understanding of any 
problem involving the behavior of a sys- 
tem requires, first, an analysis to reveal 
and define the structural elements that 
are functioning which must of course 
be visualized or selected on a suitable 
scale; and second, the effective synthesis 
of these elements into a functioning 
whole. In developing this picture a seri- 
ous gap was encountered in the field of 
colloid chemistry, which Wo. Ostwald 
has so effectively characterized as a 
world of neglected dimensions. The 
difficulty encountered here arises from 
the fact that the classical atom of chem- 
istry is still a living conception, and that 
chemists are continually trying to solve 
the problems in this field by means of 
the older forms of this concept. Such 
efforts have yielded only fragmentary 
results. It seemed clear that if the 
atomic conception could be adapted to 
the problems of the colloidal field, many 
things would be facilitated. 

The effort to extend the atomic con- 
ception in a fruitful form into the field 
of colloidal phenomena is justified by the 
fact that colloids in spite of the intensive 
investigation of the last few decades con- 
stitute the no man’s land of physiology 
and medicine. The anatomists have 
pushed the boundaries of their knowl- 
edge of tissue structure and organization 

1In this paper only the most familiar types 
of chemical facts and concepts are used. For 
this reason in order to keep the story moving 
the author has failed to give references to the 
specific sources of information or views. 

2 ScIENTIFIC MONTHLY, 29: 363-8, October, 
1929. 


to great lengths and are reconstructing 
tissues in the form of plastic models in 
such perfection of detail that the actual 
processes of health and disease can be 
clearly visualized to the absolute limit 
of visible structural detail. There is no 
possibility, however, that the resolving 
power of the microscope can be increased 
to the point that the elaboration of the 
toxic products of metabolism of the 
tubercle bacillus, for instance, can be 
witnessed, or that the first effects of these 
products upon the tissue cells of the host 
may be traced. The limits of the micro- 
scope are determined by the nature of 
light, and so these problems necessarily 
fall back into the field of chemistry, how- 
ever much we may regret it, because— 
and we might as well admit it—although 
the “imitations imposed by the micro- 
scope are great, those existing in chem- 
istry are infinitely greater. It there- 
fore becomes an urgent duty for chem- 
ists to reconnoiter the no man’s land 
lying between and in front of the or- 
ganized forces of classical chemistry and 
those of visible morphology in order to 
make contact between the two forms of 
attack. It is in this area that the next 
great advance in the conquest of life and 
death will be made. The battle-field lies 
ready ; what is lacking is a general with 
a suitable plan of battle. While wait- 
ing for the great leader there is no ob- 
jection to carrying on with exploratory 
raids, and this paper constitutes a report 
on such a raid. 

The effort here described is in the 
nature of an exploratory reconnaissance. 
We wish to attempt to blaze an atomic 
trail across and through this colloid 
wilderness. Entering the woods on the 
chemical side, we hope to come out in the 
field of general biology. Such a trail 
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would then constitute a temporary high- 
way upon which workers in the field of 
chemistry and general physiology could 
maintain contact in their further ex- 
plorations and developments of this 
world. 

Since this reconnaissance is to move 
out from the chemical side and is to de- 
pend on the use of the atomic conception 
as a means of transport, it will perhaps 
clarify the situation to review the pres- 
ent status of the classical chemical atom. 

Originally the term atom by definition 
involved the conception of indivisibility. 
When the spontaneous decomposition of 
the radioactive elements was discovered, 
this classical atom passed out of ex- 
istence. An atom then had to be con- 
ceived as an elementary substance which 
might or might not be relatively stable. 
The views on atomic structure in process 
of development at present represent the 
chemical atom as a more or less compli- 
cated micro-astronomical system, which 
is composed of several or many discrete 
parts and which may or may not be 
relatively stable. The decomposition of 
a neutral atom may involve a simple re- 
versible change like the loss or gain of 
one or a few electrons; or it may repre- 
sent a profound disruptive change in- 
volving the formation of new chemical 
elements. The former change is char- 
acteristic for all chemically active ele- 
ments, and varies as a periodic function 
of the atomic weights. It is analogous 
to the loss or gain of hydrogen atoms by 
a petroleum hydrocarbon. The latter 
change appears strikingly with the heavy 
radioactive elements and is analogous to 
the disruptive ‘‘cracking’’ of heavy 
petroleum hydrocarbons. In the former, 
we have a periodic recurrence of similar 
properties with gradually increasing 
atomic weights. In the latter, we have 
an innate instability associated especially 
with high atomic weights. This gives 
rise to a progressive decomposition in 
which energy or energy and helium 
atoms are lost. This disruption into 


simpler atoms is associated with the 
highest atomic weights. So much in- 
formation has already been accumu- 
lated concerning such transmutations 
that it appears possible that helium is 
constituted of residues of four hydrogen 
atoms and that the remaining elements 
represent complexes derived from these 
hydrogen and helium units. Viewed in 
this way, we may conceive of the atomic 
series as being a series of structural 
units, each capable of acting as a unit, 
but composed in turn of simpler units 
coupled up in stable configurations 
which develop enough structural weak- 
ness in the higher members to undergo 
a controlled and gradual but sponta- 
neous decomposition. 

It is against this background of highly 
complex but perfectly organized atomic 
structures that the series of superatomic 
structures to be described in this paper 
is to be projected. Although the clas- 
sical chemical atom no longer exists, the 
term has been retained and has taken 
on a new and definite meaning that 
seems to be accurately suited to the ex- 
tensions to be developed. Its present 
meaning is indeed that of structural or 
functional units, which in turn possess 
an inner structural complexity of their 
own. Moreover, by retaining the word, 
we may hope to carry over into the 
realm of superatoms some of the time- 
proved traditions of thought and action 
of the field of chemistry. This would be 
particularly desirable if by their disci- 
plinary effect they might become as 
fruitful in a general way in the future 
as they have been in a special way in the 
past. 

Our problem then in this essay is that 
of finding superatoms of suitable dimen- 
sions so that we may construct a more 
or less continuous series from the tradi- 
tional chemical atoms, through the field 
of colloids, to the field of visible morpho- 
logical elements in the organism. In 
this program, it will of course be neces- 
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sary to learn to what extent and how 
chemical elements and compounds build 
themselves up into more and more com- 
plex edifices, which, however, still retain 
the essential characteristics of structural 
units capable of acting as a whole in 
chemical reactions of a higher order. 

The idea that aggregates of atoms 
may function like a single atom in 
building up complexes was established 
by Gay-Lussac and later by Liebig in 
his classical work on benzoic acid in 
which he found the benzoyl radical act- 
ing like a monovalent atom. Very 
quickly these observations were ex- 
tended and the interesting classical radi- 
eal theory of organic chemistry was 
developed. Later it was found that 
these radicals, unlike atoms as then con- 
ceived, could be attacked. This led to a 
modification of views and a decline of 
interest in this conception. Because of 
the influence of the classical conception 
of the unassailability of the atom, it 
seemed that an error in consistency had 
been made and the relation of atoms to 
radicals was no longer emphasized. 
However, this situation no longer exists, 

8 ‘*That the radical behaved like an element, 
had been confirmed over and over again. Not 
only did it enter into combinations with ele- 
ments, but it could also be isolated from these 
combinations. How far this comparison was 
carried is shown by a quotation taken from a 
joint paper by Dumas and Liebig: ‘Organic 
chemistry possesses its own particular elements, 
which sometimes play the part taken by chlo- 
rine and oxygen in inorganic chemistry; some- 
times, on the other hand, the part of the 
metals. Cyanogen, amide, benzoyl, the radicals 
of ammonia, of fatty bodies, of alcohols, and 
analogous bodies; these are the real elements 
with which organic chemistry operates, and not 
the ultimate elements, carbon, hydrogen, oxy- 
gen and nitrogen, which only appear when 
every trace of organic origin has disappeared. 
It will thus be understood that the atoms which 
constituted such a group were supposed to be 
held together by stronger forces than those 
which united the group to other atoms.’ ’’ 
A. Ladenburg, ‘‘Lectures on the History of 
the Development of Chemistry since the Time 
of Lavoisier,’’ p. 128-9, University of Chicago 
Press, 1906. 
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and the atom and the chemical radical 
are now closer together and more in- 
tegrally related than they have ever 
been. This will appear more clearly in 
what follows. 

In the meantime, it had become clear 
that in inorganic chemistry certain acid 
groups, such as sulphate, phosphate, 
nitrate, carbonate, silicate, ete., enter 
reaction as unified radicals. This seems 
to have been expected because of the 
associated idea, prevalent at that time, 
that oxygen is indispensable in acids, 
and consequently the idea that acid 
radicals that do not contain oxygen can 
exist was only slowly elaborated. 

In the case of bases, the situation was 
somewhat different, and when it even- 
tually became clear that ammonia acting 
as ammonium was able to play the rdéle 
of an alkali metal even to the extent of 
forming amalgams with mercury inter- 
est was aroused from another angle. 
Gradually the transition from simple 
diatomic acids like hydrogen chloride to 
complex organic and inorganic acids 
and from simple bases like sodium 
hydroxide to the most complex alka- 
loidal bases was established and clearly 
interpreted. The continuity of these 
series was recognized, and the theory of 
electrolytic dissociation was found to be 
applicable to all of them, but it was not 
so clearly perceived that, since the 
chemical radicals in the higher members 
of the series functioned like the atoms 
in the lower members, they might be re- 
garded as atoms of a kind. The radical 
concept replaces the atomic concept in 
these series as one passes from the 
simpler members to the more complex. 
Logically there is no break in passing 
from the atom to the most complex com- 
pound radical in these series. These 
radicals may therefore be regarded as 
an ascending series of atoms of increas- 
ing complexity.* 

4 Throughout this paper no effort is made to 


distinguish between neutral superatoms and 
charged superions. At this stage, it would 
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As investigation was broadened, it 
became increasingly evident that under 
suitable conditions certain metallic 
atoms, which customarily acted in simple 
ways as ions, were able to enter into 
very complex relations with other sub- 
stances. Among these were conspicuous 
at first the various ammoniated deriva- 
tives of cobaltic and nickelic salts as 
well as platinum salts. Eventually 
illuminating clarification in this field 
was brought by Alfred Werner, by the 
development of his spatial conceptions 
regarding complexes of this type. 
Many obscure facts and relations were 
clarified by his fruitful ideas. Hun- 
dreds of other examples were subse- 
quently discovered and described. 

The main fact in all this for our pur- 
poses is that several metallic elements 
are able to associate with themselves 
molecules of certain chemical substances 
and to organize these in such a way that 
the whole system behaves in many re- 
spects like a single atom. These systems 
are conceived of as arranged in a geo- 
metrical pattern or shell around the 
central atom, and have no existence 
except through the coordinating or or- 
ganizing influence of this central atom. 

Such a complex structure is often 
very stable, contrary perhaps to expec- 
tations, and in some cases renders a com- 
pound more stable than it would be in 
the free state. Thus, for instance, the 
heavy metal nitrites, which are notori- 
ously unstable in the free state, are read- 
ily obtained as stable complexes with 
hexamethylenetetramine and some other 
organic bases. 

Many organic compounds enter into 
complex relations in other ways. 
Among the most familiar are the com- 
plexes formed by cupric hydroxide with 





perhaps be confusing to attempt to make such 
distinctions. The term superatom is used 
loosely, and is indiscriminately applied to 
charged as well as neutral systems. This usage 
coincides with that in vogue for the atom be- 
fore the ionic conception was developed. 


various hydroxy acids used in the analy- 
sis of reducing sugars. The same is 
true for the colors developed with the 
Biuret reagent with proteins and many 
of their derived products. In fact, a 
very large number of color reactions de- 
pend upon the formation of a definitely 
organized complex. Many of the com- 
plexes formed have not been isolated and 
studied, while the nature of many others 
is still unknown for various reasons. 

In many of the types and cases of 
chemical radicals that have been re- 
viewed above, the complex enters into re- 
action like a simple ion—either acid or 
basic—and from this standpoint could 
be mistaken for such if its complexity 
were not revealed in other ways. But 
the same statement can be made about 
the chemical atom. It was and can be 
mistaken for a simple indivisible struc- 
ture unless and until its complexity is 
revealed. Chemical radicals and chemi- 
cals atoms then have this in common, 
that they are both complex organizations 
that can and do function as a unit. 

This unity of structure and function, 
even in the range of the atomic struc- 
tures under consideration, is not, how- 
ever, as simple as it might appear. The 
problem is complicated by the relations 
existing between solvent and solute. 
Consequently in any attempt to enter 
the field of biology with the tool kit of 
a chemist, we must sooner or later take 
account of water and its relations to ma- 
terials immersed or dissolved in it. 
Water is the sine qua non for life, al- 
though in most considerations of vital 
processes it is regarded as a medium 
which is passive or at least relatively in- 
ert. It would, therefore, be unwise to 
attempt to avoid considering the rela- 
tions of water to the atomic systems 
under discussion in spite of the difficul- 
ties involved in the subject. 

In all our previous discussion, the 
presence and actions of water have been 
assumed to be constant. Our examples 
of chemical radicals were so selected that 
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we could do this. If we had chosen to 
speak of the fatty acid series, in which 
we have a growth of complexity in the 
hydrocarbon or lyophobie radical while 
the carboxyl or lyophylie radical re- 
mains constant, we would have seen a 
gradually increasing insolubility, and 
our reconnaissance expedition would 
have been seriously impeded. Such 
polar systems will be discussed later. 
In the meantime, it seems urgent first 
to develop an interpretation of the prob- 
lem of the solution which is definite 
enough to enable us to accept the pres- 
ence of large amounts of water within 
the boundaries of our superatoms. This 
can perhaps be accomplished by the 
statement which follows. We shall re- 
gard water as a feebly polymerized sys- 
tem. Solid or liquid substances soluble 
in water undergo disintegration into 
particles of molecular or polymolecular 
dimensions. Under these conditions, all 
dissolved substances and their compo- 
nents enter into relations with the water 
molecules of the solvent by which the 
properties of both are appreciably modi- 
fied. Water existing under such in- 
fluence we shall regard as hydration 
water. This water is to a degree under 
the influence of the molecule, radical or 
ion to which it is attached and will be 
more or less involved in the history of 
the component with which it is asso- 
ciated. It follows then that all the radi- 
eals or atomic series that we have 
considered have, while in solution, asso- 
ciated with them more or less water, and 
that any adequate picture of such atomic 
series must take this fact into account, 
however much it may complicate the 
picture. The amount of water involved 
may be relatively negligible as in the 
ease of sodium chloride, and will increase 
gradually, in a suitably arranged series, 
until we reach complex colloidal mole- 
cules like proteins, which have the power 
of associating enormous numbers of 
water molecules within their relatively 
vast labyrinthine boundaries. More- 
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over, the amount of water held in this 
way will be sensitively influenced by a 
great many and even apparently trivial 
factors. This is shown in a prophetic 
way by sodium chloride, which has so 
little affinity for water that it normally 
crystallizes without water of crystalliza- 
tion. If crystallized at low tempera- 
tures, it comes out of solution with two 
molecules of water of crystallization, 
which are, however, but feebly held. 

It therefore now becomes necessary 
to enlarge our picture of the complex 
atoms that we have discussed in order 
to include the water with which they are 
associated. Moreover, in doing this we 
have simplified the transition from the 
complex atoms of the molecularly dis- 
perse systems to those of the colloidally 
disperse systems. We observe simple 
earbohydrate molecules in molecularly 
disperse solution, with much hydration 
water, undergoing polymerization, by 
which they become less and less disperse, 
until they reach colloidal dimensions, as 
in starch or glycogen, retaining through- 
out the transition an integral relation to 
a large, but probably gradually dimin- 
ishing amount of hydrate water. Like- 
wise, we see the amino acids, in which 
the hydrocarbon radical has been ma- 
terially changed by the introduction of 
at least one highly water soluble group 
into the most strategic position in the 
molecule, being built up one unit at a 
time into structures having a molecular 
weight of 30,000 and upwards, in water, 
and in most eases having a high affinity 
for water. 

Of these two cases, the former is most 
difficult to discuss from the atomic view- 
point. If the views just now being de- 
veloped with respect to the starch mole- 
cule are correct, the latter is built up 
of atomic units known as amyloses and 
amylopectins. Perhaps the facts de- 
veloped in the study of cellulose for the 
development of the viscose industry re- 
veal the essential atomicity of this com- 
plex substance. These questions remain 


-se0n =” 








this 


ya 
vial 
etic 
$ so 
ally 
liza- 
era- 
two 
ion, 


ary 
lex 
‘der 
are 

we 
the 
dis- 
ally 
iple 
irly 
‘ion 

by 
rse, 
, as 
gh- 
1 to 
\in- 
ike- 
ich 











CHEMICAL ATOMS AND SUPERATOMS 355 


for time and the experts in these fields 
to determine. 

So far as the protein molecule is con- 
cerned, the situation is different. Here 
we have abundant information on the 
properties of the various components of 
the series. Each member possesses two 
interesting traits in common with all 
the other members of the series; it can 
act as an acid or as a base, depending 
upon circumstances. This property, 
other things being equal, depends upon 
the presence of free carboxyl and free 
amino groups. The protein molecule, 
therefore, becomes an enormous poly- 
valent amphoteric electrolyte having 
perhaps as many as thirty positive or 
negative charges on its molecule at times, 
depending upon the characteristics of 
the solution in which it lies. These 
charges may be increased or decreased 
to a maximum on both sides of the iso- 
electric point, and when charged the 
molecule shows cataphoresis. In all re- 
spects, these systems behave as huge 
polyvalent atoms would be expected to 
behave. Moreover, generally speaking, 
they are much more stable than the 
radioactive elements, although they are 
probably at least one hundred times 
heavier. Unlike the radioactive ele- 
ments, these atoms of life are synthe- 
sized or broken down at will (given suit- 
able materials and conditions) by special 
agencies existing in their natural en- 
vironment. The syntheses involved are 
highly specific both as to product and 
agencies, and give rise to a special field 
of biochemistry, owing to the fact that 
only the living organisms can be used 
as the test-tube and retort for the study 
of certain characteristics of the proteins 
and allied compounds. The finest ana- 
lytical work in chemistry is crude in 
comparison with the chemistry of the or- 
ganism in dealing with the detection or 
identification of these compounds. In 
short, this highly hydrated poly-func- 
tional superatom is a remarkable or- 


ganization which it is at present utterly 
impossible to describe adequately. 

In the above, we have found it rather 
easy after all to build up a continuous 
atomic series ranging in size from the 
simplest hydrogen atom to protein mole- 
cules having molecular weights estimated 
at 30,000 or even more. In this series, 
we have representatives all the way 
from rapidly diffusible molecular dis- 
persions to complex colloidal emulsions. 
Perhaps it would be the part of wisdom 
to terminate our ‘‘trail’’ here without 
attempting to hack away the underbrush 
necessary to make a true contact with 
general biology. However, wisdom is 
not a normal trait of an explorer in the 
face of such a challenge; let us press on. 

Our problem now becomes that of 
passing from ultramicroscopic particles 
having unitary functions to larger ones 
visible to the eye and existing as 
morphological elements in cells. In 
common with other electrically charged 
colloidal particles, the protein molecules 
undergo precipitation by suitable re- 
agents having charges with the opposite 
sign. Such reagents may be other pro- 
tein solutions or other chemical reagents 
suitably chosen. Such changes often 
involve the production of visible aggre- 
gates, and in many instances the native 
protein can be recovered unchanged. 
But they are probably analogous to only 
a portion of the processes occurring in 
the living cell. For instance, all pre- 
cipitations and engulfments of foreign 
masses by leucocytes, whether they be 
inanimate colloidal particles such as 
earbon or living cells such as bacteria, 
probably depend upon such colloidal 
chemical precipitation, perhaps fre- 
quently initiated by mutual neutraliza- 
tion of electrical charges or in other in- 
stances by a chemical attraction, which 
here becomes chemotaxis. 

Moreover, it is quite possible that one 
factor in the deposition of proteins in 
the tissues in the first case is their dis- 
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charge by suitable changes in the hydro- 
gen ion concentration ; and in the second 
ease, in so far as they become insoluble, 
this may be followed by polymerization 
involving secondary chemical changes. 
If the process stops in the first phase, 
such proteins would be mobilized by 
suitable changes by which they recover 
their charges, become more highly sol- 
vated, and are thereby drawn back into 
the zones of greater activity. Such 
events may occur, for instance, during 
starvation when much of the structural 
material is mobilized. 

Regardless of the extent to which such 
precipitations occur and the size of the 
aggregates produced, it is clear that 
these particles are lacking in some part 
of the freedom or structural unity that 
they had before. They are, we may 
readily sec, in some degree less lively 
than they were; so that, although it is 
more than probable that some of the 
visible structures in cells are built up in 
this way and perhaps play a skeletal or 
orientizing réle, it is also more than 
probable that the essentially living por- 
tion is composed of structural units hav- 
ing more chemical and physical freedom, 
t.e., tropisms. These are no doubt built 
up into definitely oriented structural 
patterns by which they achieve, and are 
endowed with, special physical and 
chemical functions in the cell. So far 
as the writer knows, no such complexes 
are actually known, nor are any criteria 
by which they would be recognized 
known. Of course, there has been much 
speculation by philosophers of all times, 
as well as biologists more recently, as 
to the physical-chemical unit of life, but 
no such unit has been isolated by experi- 
mental studies. 

Instead of indulging in speculation, 
let us see if we can build up a back- 
ground for such a complex upon which 
some of its characters might be predi- 
eated. In view of what we saw above, 
it is more than likely that any system 
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having the properties required would 
possess more polarity than any of the 
systems that we have considered. Such 
polarity is best known in connection 
with the fatty acids. In oleic acid, for 
instance, the hydrocarbon group with its 
inability to unite with water so over- 
whelms the carboxyl group that it is of 
little avail except perhaps to orient those 
molecules that lie in the water-oil inter- 
face. However, in the sodium salt of 
oleic acid, the hydrocarbon radical is still 
strong enough to prevent molecular dis- 
persion. If, however, we concede some- 
thing to the hydrocarbon radical by re- 
placing the hydrogen atom in water with 
the ethyl radical, we find that in ethyl 
aleohol our soap forms true molecular 
dispersions. A similar result is achieved 
in two ways in the organism. Fatty 
acids are rendered soluble in the intes- 
tine by the bile salts, which unite with 
them forming a colloidally or more prob- 
ably even a molecularly dispersed sys- 
tem. So far as is known, this device is 
limited to the bowel. Tissue fats can, 
however, be modified by replacing one 
fatty acid radical with the phosphoric 
acid-choline complex and thus become 
capable of spontaneous peptization and 
of forming colloidal dispersions. In all 
such cases, the change is presumably due 
to the influences of the substituent on 
hydrate or solvate formation. 

Now it is interesting to note the num- 
ber and variety of hydrocarbon and 
other side chains in the protein mole- 
cule. It is easy to imagine that all these 
have certain more or less specific powers 
to hold other radicals in complex rela- 
tions. The hydrocarbon radicals no 
doubt attach fatty or other hydrocarbon 
radicals, so that complexes between fat 
molecules and proteins are to be ex- 
pected. The existence of such com- 
plexes has been conjectured, but so far 
as the writer knows, no such complex 
having indispensable relations to life has 
been described. However, we may dis- 












ld 
the 
ich 
ion 
for 
its 


of 
ose 
er- 
of 
till 
lis- 


re- 
ith 
hyl 
lar 
red 
tty 
es- 
ith 
ob- 
ys- 
is 
an, 
yne 
ric 


le- 
ese 
ers 
la- 


on 
fat 
ex- 


far 
lex 
1as 








cuss at least one interesting possibility 
of this sort. For instance, it is well 
known that the brain contains a sur- 
prisingly large amount of lecithin and 
allied substances. It is not difficult to 
visualize a union between the lecithin 
ion and the protein molecule, and this 
eould occur through solvate union be- 
tween the hydrocarbon radicals in both 
or through salt formation or through 
both processes. Such a union of two 
complex superatoms of contradictory 
polarity would give rise to a new com- 
plex having properties unlike those of 
either component. But in visualizing 
this union, we have failed to mention the 
large mass and variety of other mole- 
cules including water that will be car- 
ried into the complex and that will 
contribute to its properties and func- 
tions. With this system and its inevi- 
table orientation, we can easily picture 
the conduction of a nerve impulse, for 
instance, as depending upon the con- 
tinuity of the water phase, and the non- 
conduction under narcosis as due to an 
inversion of the emulsion with the conse- 
quent non-conductivity of the now con- 
tinuous oil phase, as was suggested some 
years ago by J. S. Hughes. 

In the foregoing discussion, we have 
seen rather clearly that the most readily 
seen morphological components of the 
cell are in a relatively passive state in 
comparison with the more lively and 
more transparent components. Inter- 
mediate between these extremes, we have 
the various cell organs, but especially 
the mitochondria, and in plants the vari- 
ous plastids involved in photosynthesis 
as well as the starch and oil forma- 
tion. These visible organs carry on 
within themselves essential functions. 
Their continuation, once they appear, is 
almost certainly provided for by growth 
followed by division. If, now, we 
should suggest that these cell organs 
possess the essential traits of super- 
atoms, it might be asked, but how can 
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atoms grow and divide? Such objec- 
tions can not of course be fully an- 
swered. We know that crystals grow 
and that the structure is specific. We 
also believe that they divide. However, 
closer analogies in the colloid field are 
easily obtained in which the phenomena 
under consideration can be imitated so 
that there may be no essential mystery 
in this part of the problem. 

The problem becomes simpler again 
when we deal with bodies like free living 
cells of various sorts. Here we have 
superatoms large enough to be seen 
readily, which still obey the sme funda- 
mental law that we have been discussing. 
Although microscopically visible, they 
often show Brownian movement; in 
other cases, movement is due to cilia. 
They often behave like charged systems, 
and at other times show positive and 
negative chemotaxis. Although they are 
true living organisms, they nevertheless 
show definite relations so far as behavior 
is concerned to suborganismal systems. 
Perhaps this behavior has appeared 
rather surprising heretofore; now we 
must expect it in the atomic series that 
we are attempting to construct. 

The above discussion constitutes a 
blazed-trail of superatoms—a continuous 
series extending from chemical atoms to 
superatoms which are sufficiently large 
to be visible as morphological units in 
the living organism. We have achieved 
our goal and might rest our case except 
for the fact that several interesting 
points have been brought out inciden- 
tally which, if gathered up and de- 
veloped, may lead eventually to a gen- 
eralized description of atoms and 
superatoms. Such a generalized de- 
scription would be useful in isolating 
superatoms on any scale. 

(1) All the atomic series developed 
possess a striking structural integrity 
coupled with an uncanny capacity to 
perfect and maintain this structure. 
We see it in acids such as sulphurous 
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acid and its tendency to perfect its 
structure as sulphuric acid by adding 
oxygen; we see it in acid salts in their 
tendency to pick up available base to 
complete their structure ; we see it in the 
protein molecule of the living organism, 
in its unaccountable ability to maintain 
its structure. It is difficult to account 
or the fact that only a very small ex- 

over and 


essential amino acids, 


CESS of 
above the actual minimal requirements, 
is needed for maintenance of the nitro- 
gen balance. It seems that the amino 
n up from the body fluids 


In this respect, the 


acids are take 
with great avidity. 
protein components of the organism are 
as efficient as a strong acid in ‘‘gobbling 
up’’ base to complete its salt structure. 
If we think of it in terms of chemical 
affinity, we are apparently dealing with 
a very powerful or a highly selective 
type of affinity. 

2) This peculiar tendeney to com- 
plete and maintain a structural unity is 
probably the most outstanding percepti- 
ble characteristic of these systems. It 
is expressed as an organizing tendency. 
The complexity of a given superatom is 
determined by the complexity of its or- 
ganization. Viewed in this way, the 
hydrogen atom has a life, or life history, 
which differs only gradually from the 
other members of a series and from or- 
ganizations commonly accepted as living 
organisms. The difference is essentially 
a difference of degree and not of kind. 
Creation, at least within the range in 
which we are discussing it, was therefore 
a continual improvement in the utiliza- 
tion of simpler parts. In the elabora- 
tion of these structures, properties are 
increasing in variety and 
this, too, is not pe- 
culiar to such Tyndall long 
ago noted that the liquefaction of a gas 
entails the appearance of new proper- 
ties, and this is still more true of its 
solidification. How rapidly properties 
change and new ones appear on mixing 


continually 
complexity. But 


systems. 


I 
i 


, 
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: . 
severai substances 1n suitable 
1. . _ ' 

Known to every one. Conseq 


‘radual disappearance of a 


in 


erty or the appearance of a tot 
property in any such series is 
to be expected on the basis of 
behavior of the simplest syster 
must still admit that life 
unique attribute because 
create it de novo at will. H 
must also be admitted that tl 
ual properties of living matter 
few at a time in non-living matt 
that living matter may differ 
other only in the complexity of 
organization. 

lly think « 


lor instance, we usuall 
building, self-repairing and self-st 
as unique properties of living 
but many of these compl xes | 
properties to a striking degree, 
chemical atoms, as well, have t! 
recognizable degree. 


(3) The 


superatoms does not depend up 


tendency 


innate 


one kind of chemical or physical 


erty. It seems clear that it alw 


pends upon some kind of polari 


so, the nature of these polarit 


unKNnOW! 


largely 


probably still 
these Systems ha 


though many of 
essential qualities of an amp! 
electrolyte, it seems that their pol 
are not limited to those involved 

concept. In brief, it is not possi 
chemistry to predict all types of 
plexes that may exist, and it is | 
impossible to make similar ] 
in this field of superatoms. 

first be necessary to isolate the 
tional 


knowledge in this field much as 


superatoms and to dev 


developed for the chemical atoms 
(4) The atom, in every case, 
compared with neighboring states 
to represent a state of relative stal 
Considered from this standpoint, it 
sesses essential characteristics of a Dp 


and it would be exceedingly interest 
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ht about phases in such a general machinery « 
se as would be involved here. The landings or pauses tair 
stion of the phase-like nature of evo 
superatomie systems, and perhaps ition 
matter the atomic systems them veloped 
s. arises from the unexpected ease 5) T lS senssi 















tem as the hemin of hemo- gort. We see that in tl 





would be next to impossible to iweratomie 


size, but Hans Fischer did not there js a persistent 

















it so We might expect that the = ,.,.,,,+3, 
ct Alii 
pyrrole nucleus would be synthe- soon th, . 
{ around the iron atom, but this was) vs... any OE CE 
e procedure used. The tetrapyr- ‘ } } 
= riven aton I ‘ rmed or 
nucleus was first synthesized, the ae ; : 5S , 
. 4 environment } st h But - 
was then introduced and at the last =... 4. 
a ‘. j LLCOYVTratled rt i) 
; iron complex could be coupled with e +] 
' a of the fittest and the fitness of the e1 
elobin component. Whether the or- |. ; LJ 
nism approaches the synthesis in this gree 
or not is not known, but it surely cae 
*,1 “) . . . “a * ( l yuel \ ! l roni nts } 
not without philosophical significance ne 
‘ concelved becomes an i! 
the same terminal products were 
° party to 1 aevelo} ) 
tained by the synthetic chemist as are ' 
. . atom ot the } ra \ 
tained in nature. Perhaps it was the 4 , 
e " s come into ~ S ¢ 
‘minal quality of the products that : 
ide synthesis of so complex a produet supports “ SUS S tie ! ( 
_- , . oe . t sul rath, 
ssible. We are quite familiar in v 
' ve } : ' , 
: ; : e b \ 
mistry with such terminal products . ' 
= 1 ; . we TY? ] ) ’ ‘ 
Often, from a thermodynamical stand- ae ' 
; 
m : rive ( ergvy I \} vif TO 
nt, they represent maxima in entropy. §&8!Ven en wi b 
At other times they arise from minima (fsa . S 
+): . er . } ‘ ; 
solubility or electrolytic dissociation nd tl 
an equilibrium component. Glucose Chergy nek I rmation ‘ 
tence | I \ S Dp up 






the form in which we know it repre- 










such a terminal product. Under plexity of the superatom we have to o1 
influence of alkali or insulin, it de- ganize the environment to a | 
ops new capacities to develop still also in order to 1 ize the n ! 
more stable terminal products. Many This principle is the most 
her eases of this sort could be cited. yeneralization devs ioped t! ! 
rhaps, in this quality, we have one of and if t provides for « 
outstanding characteristics of both ries of atoms and superatoms 
mical atoms and superatoms; they from the electrons or the simplest ¢] 
present terminal products or resting cal atom to the solar syst 







stages in the evolution of matter. It is haps even larger organizatio1 f astro 
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once evident how useful such nomiecal bodies and forn 
‘breaks’’ in the continual flow of the one generalization common to 
the universe would be for the 
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learly in the mind 


one thing stands out ¢ 
of the writer. He is fully aware that 
he has seen some things ‘‘through a glass 


**face 


darkly’’ that others are able to see 
to face.’” This is always true in any 
such pioneering synthesis as this paper 


it is to be hoped that 
the reader who has read so far has be¢ n 


me 


represents, al 


as much diverted by his own superior 
knowledge of some of the matters under 
discussion as by anything that he has 
read. Unless the writer is mistaken, 
the main part of this essay deals with 
! 


1atters that are obvious. i7.e.. are in- 


The writer, 
however, believes that they ought to be 


tuitively known to many. 








tangible landmarks of future 
applied biologists of me 
frankly hopeful for the elue 


, ° 


their most perplexing probl 
i 

developments in the field of 

It now appears that they e 


terially by working with us, v 


superior experience in morp 


concepts, and by he lping uS TOS 
purify the atomic-superaton 


in this field of neglected di 


There seems to be no doubt. if 


break this virgin field to the 1 


an abundant crop will be obtair 

















THE RAMAN EFFECT 


By Dr. GEORGE GLOCKLER 


DEP A Wl OF CHEM 


inced the discovery of a new type 
scattering of light observed in various 
ls and gases. The study of this 
of light scattering by molecules 
is fair to become one of the most 
werful tools of the chemist and 
ysicist for the investigation of molec- 
structure. The type of informa- 
oneerning the internal structure 
molecules revealed by these exper 
nts ec uld heretofore be rotten only 
studying the absorption (or emission 
eht in the infra-red region of the 


trum. This discovery by Professor 


man makes it possible to carry out t 
same study in the visible region of the 

ectrum. This is a tremendous advan- 
tage because the spectroscopic technique 


very much easier and is much further 


developed in the visible region than in 
he infra-red. Professor Raman has 
} 


studied the phenomenon of light seatter- 
ng for many years, and his recent 


d scovery is no doubt epoch making and 

mpares in scientific importance to the 
discovery of X-ray scattering by A. H. 
Compton, of the University of Chicago, 
for which Professor Compton received 
the Nobel prize. 

The object of this article is to present 
the subject of light scattering and to 
show the relation of the Raman effect to 
cther phenomena which have to do with 
the interaction of light and matter. 


I’ LUORESCEN( 





c 


The phenomena of the scattering of 
radiation by matter has been studied by 


physicists and chemists for a long time. 
Every one is acquainted with the facts 
that certain dyes show fluorescence un- 
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ference of light waves, their diffraction 
on small objects (small 
could very completely be 


holes, nee dles, 
edges, ete 
deseribed on the view that light is some 
kind of disturbance propagated as waves 
in a medium. However, other observa- 
tions by physicists, such as the photo- 
electric effect, the Compton effect and 
the Raman effect, were difficult to under- 
stand on the basis of a theory that pro- 
posed light as a 
To explain these effects a new theory of 
radiation was invented. It is called the 
quantum theory of light 
to consider a beam of light 


wave phenomenon. 


beeause it 
proposes 
leaving its source as a stream of small 
entities called quanta. It that 
the quantum theory of light is quite 
analogous to the corpuscular theory held 
by Sir Isaac Newton. However, it is be- 
lieved that these modern light 
quanta have quite a different set of 
properties from Newton’s 
This is of course because a little more is 
known about the behavior of light and 
its interaction with matter than Sir 
Isaac knew. Of light of the 
seventeenth century is probably the same 
as the radiation observed now, only our 
knowledge changed and therefore 
our point of view and so our theories. 
In order to explain the observation of 
the physical world about us, human 
reasoning endows light quanta with just 
the properties they ought to have so that 


is seen 


now 


ci rpuscles. 


course 


has 


they could produce the effects as actually 
And so there is 
with each light quantum a 
amount of energy and also momentum 
and a certain velocity, just as similar 
concepts are associated with a bullet or 
Should any one observe 


associated 


certain 


observed. 


a cannon-ball. 
to-morrow some new phenomenon re- 
garding light which would be quite in- 
explicable on the present ideas regarding 
radiation, it would be necessary to im- 
prove or change our concepts until such 
a view had been adopted as to the nature 
of light as would allow us to ‘‘explain’”’ 
the new phenomenon. 


If one thinks about a 
beam of 
light, there exists then the possil 


considering it as a vibration in t] 


how 


light, s 


monochromatie 


of a certain frequency, or one may 
of it as made up of quanta of r 


f a certain energy traveling t 


with a certain velocity. ( 


space 


i 
the light is the same and the dif 
is simply due to the two different 
of ealling it 


names. Evidently 


connection between tl} 
thought 
thing, and Einstein has given s 


lergy I 


must be a 
modes of econeerning thi 
relation between the e1 
frequency y of a light quantum 


E =} 


hy 


h = Planck’s and it ma 
thought of as a proportionality cor 
that 


has a 


constant 


[It is seen then a quantum of 


light (which 


has less energy than has a quant 


smaller frequ 


blue light, which has a higher freq. 
And since the frequency y of a vibr 
and the associated wave-length ) ar: 
lated to the velocity c of the undu 


| 
} ° 
DY 


. 


VA 


it is seen that a longer wave-lengt 
connected with less energy. If for 
stance a blue light quantum be convert 
by any process whatsoever into a 

light quantum then some energy had 
be given to some other body because t 
resultant red quantum has less ene 

than had the initial blue quantum. T 
reasoning involves the principle of 

energy. The relat 
just between the 

and the frequencies (or colors) of | 
quanta is all important in our futu 


conservation of 


established energ 


considerations. 


ABSORPTION AND EMISSION oF Lia! 


The process of absorption and emiss 
of light can now be described very si 
ply. The first fact of experiment 
note is the observation that all materials 
































THI 





y specific absorption and emission of 


This mea 


Ix ahsorb or emit 


en kind « 
certain 


ns that a giv 
r will only absorb or 
T theory 
has been de- 


which 
ns these observations 
ped by N. Bohr 


trical constitution of matter. A 


on the basis 
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. — e 

drogen atom which consists of a posi- 
} 

eharged nucleus and an electron 

° 


. : 
psorpd a 


light 


definite frequencies and 


quanta ol 
ot he rs 


. r 
a series Ol! 


process can be expressed very con 
itions such as the 
l re- 


lv by means of equi 


emist uses for writing his chemica 


y 
nS 








The process of combination of the nor 
and hy, is of 
| and 


hydrogen atom, H 
urse the process of absorption 
ads to the formation of an excited 
atom H,, H., ete., depending 
of quantum It is 
eaction (the equa- 
tion read from right left) is the de 
omposition of an excited hydrogen atom 


drogen 


kind absorbed. 


on the 


seen that the reverse 


nd this process constitutes the emission 
f a quantum and therefore the produc- 
tion of ight. The various excited states 
of hydrogen are called higher 
states of hydrogen because the atom has 


energy 


more internal energy, and it is supposed 
hat the various 


nergy levels de} 


a resides in 


pending on the amount 








1 J 


Ho a ie = & 1 | + 


Energy -Levels 


Fig. 1 
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In the ¢ 
urd way 





up external energy increases 


tional enerey « the m«é ilar 
he notion 1 molecule car , 
energy in the ree ways } ted 
tf course purely a guess 
placed’’ to a ‘‘higher orbit’’ or mole 
cule ‘‘vibrating’’ or rotating na 
higher quantum state Howevel! 
such a guess or theory can be « pared 
ith experimental facts know: it 
light (2.e., energy) absorption of mol 
cules, and if the dedu ns < 
leory compare favorably with t 
perimental findings, then it is said t 


there exists a Satistactory tT 
of light as a wave and 


quantum phenomenon and the arbitrary 


nature of quantum numbers are 1 


vlained a more satisfactory I 
by the newer ther ry of atomic structure 
called wave mecha 1¢s. It S not oni 
ssumed that light has a dual nature but 
that particles (electrons, for inst 


of the properties ascribed 


have also some 
tO Waves. All 
to do with the 


ited in terms of these n*wer 


problems which have 
scattering of light by mat 
ter can be st: 
theories. However, it appears that the 


quantum view 


















364 THE 
present an insight into the effects to be 
discussed here, although certain aspects 
of these phenomena can best be under- 
stood on the basis of wave mechanics. 


Tue TynpDALL EFrrect 

The simplest kind of scattering process 
is the interaction between a particle or 
light 
them is changed in nature or 
However, the direction 
quantum may differ 
incident light. This 
observed 
every time a sunbeam plays with the 
dust particles in a darkened room and 
makes them visible. The effect is known 
as Tyndall seattering. The scattering 
process (in the ease of molecules not at 
absolute zero) may be portrayed in a 
simple way by 


molecule and quanta whereby 


neither of 
energy content. 

of the scattered 
that of the 
simple case of 


from 
scattering is 


means of the equation: 


M,+hy—>M,+hv, 


where h vy, is an incident quantum; M, is 
the particle or molecule in the normal 
state, and hy,is the quantum scattered 
in a direction making the angle 9 with 
the incident beam. Usually one observes 
such scattering effects at right angles to 
the incident beam. It is to be noted 
that the frequency or color of the inci- 
dent and the scattered quantum are the 
same. 
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THE 


CASE OF FLUORESCE? 


The simple experiment cited 
introduction exp 
When a molecule of flu 


Can now be 
follows. 
} a. 4 } 
shows the phenomenon of fluores 
chang: 


vnt 1s 


undergoes the followin 
First, the incident 


or 
1; 
Li 


by the molecule and it is thereby « 

or placed into a higher energy 

may well be that in the gene 

some electron is lifted into a ~ 


and at the 


tain portions of the mol 


quantum state 


Same t 
ecule vibr 
ative to one another, and the n 
rotates, 
normal state. 


with more energy than 


the 
tion act, or we may refer to Fig. 2 


is a shorthand statement of 
consider the molecule now in a |} 
M, 

Second, if the molecule would at 
turn to the normal state with the 
sion of the same quantum of light 

then tl 
this case, 1 


energy level 


same color or frequency 
of emission of light, in 
nance, would have taken place 

ease has already been discussed P 
It is, however, conceivable that t! . 


cited molecule of fluorescein may 


an impact with the solvent molecu 
another fluorescein while it is still i 
excited state. 
the excited during 
impact, a part of its excitation en 
to the other molecule 

for instance) then it would be bri 
to a lower energy level (Fig. 2. 


If it is now supposed t 
loses. 


molecule 


as kinetic ens 


M, — M, + Kin. Energy 


r 


Third: it is seen that the excited n 
cule has now a smaller energy cont 
and if it should now return to the 
mal state by emitting 
(hvap) corresponding to 
then the emitted light is a quantum 
smaller energy and the scattered li 
would necessarily be of a color toward 


the quant 


the state 











THE 


red end of the spectrum when com- 


incident quantum: 


sa fact that the fluorescent light is 
, st cases ( 1 color on the red side 
xciting or absorbed light, and so 


B not ll fluor ‘ent licht is | 
t red side of the exeiting light! 
Some eases are known wher¢ the eol r 


e scattered quantum is on the violet 
f the absorbed light. How ean this 
situation be understood? It is only 
that 


state can not 


assume a molecule in 
but 
so gain energy during an impact with 
molecule. It is then that 
emitted more 


ssary to 
excited only lose 
ither seen 
have 


absorbed one: 


quantum can 
rgy than the 


M,+K. E.—> M, 


‘h act is fol 


lowed by 


M,— M,+hy 


Or it may be supposed that a few 
molecules have been brought to a higher 
excited state by 


temperature distribu- 


tion. If these absorb the incoming light 

ey may be brought to the excited state 
M,. As before anti-Stokes 
would result in emission. 

The fluorescent light (h y,,) which has 
the end of the 
spectrum when compared with the inei- 
dent or absorbed light is known by the 


name of anti-Stokes light because Stokes, 


‘fan line’’ 


} ] _ + 
a color towards violet 


an English physicist, first put forward 
th It is seen that this 


asoning applies the law of conserva- 


ese considerations. 


ion of energy to the process under dlis- 
‘ussion. 

mechanism is the 
It may be supposed that the 


excited molecule has a 


Another conceivable 
‘ollowing. 
creat probability 

emitting a quantum of small energy 
an infra-red quantum perhaps 

This act of light emission would bring 
the molecule 
A second 


to a lower quantum state 


act of emission would bring 


the molecule to the normal state: 
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of the energy of the quantum caused by The corresponding Raman line 
the fact that the molecule is raised to a be formed on a spectrum plate 
higher energy state. This interaction violet side of the Tyndall line. It 
can take place between light of any color _ be an anti-Stokes line, and such |] 

and absorption in the ordinary sense actually found in the Raman sp 
need not take place. The phenomenon many substances. 

may be described by the equation: The difference between flu 

M and Raman effect is then the fo 


M,+hvy,—~>hv,;+ i : ? 
In fluorescence the incoming qu 


‘re now ; 
where no is absorbed and corresponds to 


the energy levels of the molecul 


. . , . avie the finorescent light is rel 
where E, and E, are the energies of the arly the fluorescent light is 1 


molecule in some excited and the normal 


] 


the energy states of the molecu 
the Raman effect the incomin: 


state respectively and va. is the fre- 
not an absorption frequency of 


quency of light which would bring the 
molecule into the excited state M, from 
the normal state M, by absorption. 
The seattered light would have a fre- 
quency y, displaced towards the red of 
the spectrum when compared with the 
incident quantum y,. The displaced 
lines observed on a photographie plate 
are called the Raman lines. The differ- 


> ar j > iI] weenr 
ence { Vi - Vv ) between these and the Raman lin W aus ( ul 
that combine with a third level. 


tering system, nor is the scattered 
tum related to the energ 

the molecule. Howey 

between them is relate 

levels of the seattering molecule, 
certain cases it is true that this d 
ence corresponds to an absorpti 
quency in the infra-red. In ger 
h 


lines y, produced by Tyndall scattering 
. This ' etion is a ‘osnlt of 
must be connected with the energy level This deduction is a result 


system of the scattering molecule. In Mechanics. The Raman spectra st 
this way it is seen that the study of the 
Raman effect can give valuable informa- 
tion concerning the constitution (energy 
levels) of molecules! 

It is natural to consider next the pos- 
sibility of the interaction of a quantum 
vo With a molecule which is already in 
an excited state due most likely to tem- The group of substances known 
perature distribution. In this case it hydrocarbons consist of carbon 
may happen that the molecule may give hydrogen only and they contain 
to the incoming quantum its excitation ==C-H grouping. The vibrations 
energy and return to a lower energy these two atoms relative to one anot! 
state, perhaps the normal state. This ¢an be changed by absorption of light 
ease is quite analogous to the situation the infra-red. Similarly a hydrocarb 
discussed under fluorescence. This ac- molecule will emit infra-red radiation 
tion can be described conveniently by it should change from a higher to 
‘ "lower vibrational state. This type 
spectrum can be observed in the Ran 
effect and the experiments are usuall) 
earried out by the use of the various 
and visible lines of the mereury are, the sce 

hvy.-hv,.=E,-E, = hv, tered Raman radiation being observ: 


so far have been correlated to the 1 
tional and rotational 

molecules and for this reason are of ¢ 
importance to chemistry. 


Tue RaMAN EFrrect AND MOLEC1 
STRUCTURE 


the equations: 


M, + Kin. Energy — M, 
M,+hv.— M,+hv, 
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and it 
cations of t] is type will be earried 
in the near future which will result 

increase of knowledge regard- 


ir eonstitu the 


4 ] ‘y° ‘ | 
I the eitec é al- 
} 


ly over two hundred scientifie pape 
ive been published on the subject 
There are many features regarding 
ich are of the great- 


Raman effect w 


lv to physicists which 


interest especia 
not been dealt with in this discus- 
the reason hey would 

the presentation and destroy 


ul 


rness which it 1 oped has been 


9 
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AN INDIAN SOCIAL 





EXPERIMENT AND 


SOME OF ITS LESSONS 


By Dr. JOHN R. SWANTON 


AMERICAN ETHNOLOGY, SM 


IT 


WHEN social engineers come into their 
own as custodians of the collective wel- 


fare, cultural anthropologists believe 
that they will find descriptions and 
analyses of experiments in collectivism 


f 


by the less civilized peoples of very con- 


siderable benefit. Or rather, they will 
probably have studied them in preparing 
It 
is true that the conditions under which 
such experiments were made were quite 
different but the minds 
that had to grapple with them were es- 
sentially the same. 
primitive social and governmental ex- 
periment of this sort, that undertaken 
or evolved by the Creek Indians who 
formerly occupied most of the territory 
of the present states of Georgia and Ala- 
bama, I invite your attention. 

North of Mexico the confederate or- 
ganization of the Indians 
surpassed in ingenuity and completeness 
only by that of the Iroquois, though the 
names of none of the who 
contributed to its construction, the 
counterparts of the Iroquois legislators 
Dekanawida and Hiawatha, have come 
This probably means that 
it was a complex, slower in growth and 


for the degree in social management. 


from our own 


To the study of one 


Creek was 


ven iuses 


down to us. 


more natural than the one so successfully 
launched by the northern Indians. 

The higher tribal organizations found 
in America rested on a type of farming 
which has been called milpa agriculture. 
‘he principal exceptions seem to have 
been on the Western plains where peo- 
ples were held together by the communal 
hunt, and the north Pacific 


bison on 


coast where immense natural food sup- 
plies were to be found on a narrow 
strip of territory and where a property- 


868 
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competition pattern brought pe 


gether annually in towns of 


eons 


size. But even here governments 
practically confined to single town 
The main crops of the Creek hh 
as of the ot! acricultural tr 
North America above Mexico, wer 
beans and pumpkins, though 
amounts of tobacco were also grow 


occasionally sunflowers. Corn was 1 


staple among vegetable foods, oceuy 


much the position of wheat in the | 
World. It was raised both by 
viduals—usually old women, in s 
scattered plots and in large comn 


] 
| 
‘ 


fields, one of which was plante: 
cultivated by the men and womer 
Thi 
th 


each town working together. s 
was divided into for 
arate families by narrow strips of gr 
but all labor except some of the han 
A certain p 

of every crop went into a town gra) 
for use on 


sections 


ing was in common. 


¢ 
A 


n charge of the chie 


i? 
sions of common concern, such as 

monies, the entertainment of emissa 
from other tribes the relief 
families reduced to want by unfore 
misfortunes. It 
system of cultivation 
into the Gulf 
itself, and it is interesting to spec 
whether the more closely knit social 
find the 
area were due more to the corn or ti 


and 


is probable that 
was introdu 


region along with 


ganizations which we in ( 
communal method of caring for it. 
The of 
and this was true of 
tural tribes north of Mexico—lay in 
related facts that they had no domest 
animals except the dog and made pr 
tically no use of fertilizer. It is rat! 


Creek econom! 
1] 


Gail 


weakness 


other agr 
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} we 
r ~ S t ! t \s s 
~ ~ T tT ~ 
S S 

© whe © sa } 

{ rihbes | , } , 
rs ! ! x ‘ 
‘ «is \ it 1 rey \ “ ! 
S eX] st } t} ’ 
® S © ; , . 
’ VI} } Ti ? ‘ ? Tive mp ? nts ! 
red necess hus na th al S 
\ ‘ Tive en? rs ? ) rron Ti? ? ~ ; 
eonvel } r not necessit ‘ s 
now f some towns which existed the sai . 
nproximate the same sit itions for flag 
r three } nal) i vears but this ar ; 
ns that T Sole renera POSITLO! i} ~ 
= ) intained nal ! pomt of Tact Dress a . ~ 
! Was ote! considerabd . tit } } S . 
thin a given area CHSIOI e 
ny case pel odie desertion of ft] ; rare otal 
, - 
as ul Vers qauring the hunting ! popu 1 ! } 
Sol Ihe dow was. rarely eate? nad rtair + | < . 
! sed is adratt nimatl and pt h ‘ } } ’ 


though bison formerly existed in consid meat—exert n infl 
rable numbers in the territory of om posite direct We sl} 
resent Gulf states, the deer seems al nsequer 
s to hav been the main souree of S nit be 1 
flesh food, and deer hunting involved = a pur nt 
abandonment of the regular towns ple it cos nat es fir hy 
“( annually Moreover althoug! as in reeions —— : 
er drives were occasionally resorted — disabilities 
most huntine was undertaken by Sl expectat 
families or small groups of families bnt v . ' ‘ae i 
nd this fact tended to break up thi sible to predict set si 
darity of the tribe Bear were usu from ae mn eondit \\ 
vy hunted by small groups alse, but out going ts f the S 
encounter a community device in the find ¢ te @d rse Ss 
ipe of a ‘‘ bear park ** a tabued terr mental svste Se] ted aL 
rv reserved for the town as a whole base pract dent 


nd visited at fixed periods which has heen deserthb 
| 


Fish were taken bv individuals or by onstitute t} rat hs 
rroups Collective fishing was confined rather ral 
»> the drv season when some streams exoval r d perpet , 


d shrunk to detached pools whiel male ' a. Chitimael da? 


uld be poisoned or dragged, and was ana and the Ti 
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also governed by oligarchie groups, but 
these were el dogamous, ¢., True castes 
The Choetaw, though raising much more 
corn than the Creeks, had a weaker cen 
tral government, less inequality between 
chiefs and people, and a poorly devel 
oped social and ceremonial system The 
Chicasaw were intermediate in many 
ways between Creeks and Choctaw but 
were more closely knit internally and 
more perfectly organized for war. The 
Cherokee were a loose confederation of 
related towns which seem to have had 
a kind of ceremonial capital but no eivil 
capital, leadership being vested in the 
heads of the seven social groups or clans 
of which it was composed. The Yuchi 
were the only tribe in the entire region 
which had what we might eall ‘‘socie 
ties,’ and upon the two into which they 
were divided rested leadership in ¢eivil 
and military affairs, respectively. Some 
of the Siouan tribes of the Piedmont see 
tion were little dictatorships, and among 
them a primitive form of trade and 
manufacture had begun to affect the eco 
nomie and social structure. <A little far 
ther east, in the tidewater sections of Vir 
vinia and North Carolina, trade and the 
manufacture of a kind of shell money 
seem to have paved the way for sporadic 
‘empires’’ like those of Wingina and 
Powhatan, which were in part probably 
a reflection of the pressure exerted by 
inland peoples. In spots along the At- 
lantie and Gulf coasts and in favored 
places between the larger tribes were 
lodged small bodies of Indians, often 
made up of refugees or outlaws, which 
were of a democratic complexion, as 
might have been anticipated. Among 
the Atakapa of southwestern Louisiana 
and Texas this type of organization was 
normal and in this instance may well 
be coupled with the fact that they raised 
little or no corn. In an interesting note 
one of our early informants tells us that 
there were to be found near the Choctaw 
gipsy like bands who followed the herds 
of bison from place to place and lived 
in a very rude manner. 


and associations 
These are operant 
people, but are more 
primitive societies thi 
Hewitt considers them 
powerful than any ot! 


the League of the 


were almost equally 


Creek Confederation, 
in the evolution 
commonwealth 

Through relationshiy 
agined, a Creek was bound 
own ¢lan, next to several 
next to the tribe and fina 
tribes The Creek clan was a 
supposedly related people usua 
ing the name of some animal N 
ago a considerable school of stud 
primitive society held that group 
relationships were chronologica 
to family relationships, but neat 
American ethnologists — believe 
that the family idea has been ext 
to the clan. However that may 
fact remains that a Creek stretch 
terms for mother, materna 
brother, sister, nephew and_ niece 
most of the clan to which he bel 
and the terms for father, paterna 
son and daughter, as also brothe 
sister, over most of his father’s 
There was absolute prol ibition 
riage in the mother’s e¢lan and 
relatives in the father’s clan, and 
tinct Opposition to marriage 
father’s clan in its entirety 
sense of relationship went still furt 
for there was a spe ial designatioi 
the clan of the father’s father. M 
over, the clan of each parent was 
one of a group to whieh the s 
exogamous laws applied so that, for 
stance, a man who belonged to the A 
gator clan could marry neither a wo 
of the Alligator clan nor one of 
Turkey clan. Some of these linkag 
like the one mentioned, held throug! 
the entire Creek nation, but in man) 
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s brothers 
would i) 
The above 


r vears ol 


er period 


complication All 


own are ranged into two 


called Hathag 
Te . 


speecl 

and Teilokis for 

English plural for 

are well-known divisions 

e alignment 

n practice matches of the 

itheastern ball game. a form 
sursoddo SROHBYIRY ty ‘OSSOIO 
kis. There is, however, avery 
¢ tradition that these two moieties 
ere once exogamous as such, that Is 


t 


a man belonging to any Hathaga 


in could marry neither a woman of his 
vn Glan nor one of any other Hathaga 
in, and similarly that a Teiloki could 
ot marry a Teiloki Again, the mot 
ties were not made up ol the same ¢lans 

every town so that further complica 
Ons arose when a man or woman 
anted to marry outside of his or her 
vn village. Since marriage into the 
it! 


ier’s clan or the father’s clan group 


Vas also frowned upon, and there were 
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, , ' 
mdividuais were Capt Ves 


conditions of Indian warfare the most 
merciful tribe was apt to survive because 


: - 
Svstematicallyvy Kille¢ 


Ss losses riere rapidly if 
lled 


al 

prisoners, and the larger and more sue 

cessful tribes were most noted in this with it and those 

respect Hewitt tells of one occasion on subseque 

which the lroquois instructed a small people 

people that had come to live with them The relation 

as to the importance of preserving cap- another independent body, 

tives alive. Upon the whole, however, saw, are equally instruc 

it does not seem probable that the lro the eighteenth ec ntur 

quois and Creek confederations excelled Chickasaw settled nea 

because of the number of individual at Augusta, Georgia, 

captives which they incorporated but over into the Lower Cree 

because of the fact that they had estab established themselves near 

lished a technique for the admission of the MNKasihta Later they 

entire bands and small tribal remnants their own people, but the alli 

The nature of this and its assumed ori they had meantime formed 

vin is given in a Creek story of which and applied 

the following is an abstract nation, so that, in 1793, when 
The Coweta and Kasihta, the two most out between the Creeks and 

important Eastern bands of the original the Kasihta refused to take 

Creek stock, moved into their territories with the other Creeks and 

from the West. accompanied it is claimed tO act In this iIndepe nae 

by one or two others. If there were Was never questioned 

others, however, they were left behind earlier period, when 

by these two which continued their con Choctaw were pressing hard 

quering career as far as the Atlantic Chickasaw, the latter debated 

Ocean At last theré were no op en masse ii 

ponents left, and, wearied of inaction, i they had done so 

they held a council to determine what doubtedly have 

was to be done. After long deliberation town of the same 

it was decided that, as a *‘moral equiva Orators of some 

lent for war,’’ the two peoples should far as to 

meet periodically in encounters on the South Carolina for their divisior 

ball field. After this any town or tribe It is important to take note of 

which established friendly relations several sorts of attitudes established 

with Coweta could become a part of the the above associations Kinship set 


¢ 


confederation and would play on the as a point of departure of one ser 

Coweta side, and a town establishing which extended, as has been deseril 

friendly relations with Kasihta was not only to every one in the same 

similarly allocated on the Kasihta side. but potentially also the inhabit 
In course of time not only were a_ of other towns of the same tribe 

number of towns of the same speech finally to foreign tribes. A membet 

gathered into the federal body in this the Raccoon clan, on 

manner, but people more distantly re- saw, would discover a | 

lated, such as the Hitechiti, Alabama and and representatives of 


Koasati, and finally peoples very re- accept him as a brother 
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Dut ) ! on tl i Nneroker 


uthern Appalachians and 


Had he stra: 


Great Lakes 
aska And 
spec ne 


it memde 


America 
\ } 


} 
Clali Con ( vas able 


Taced national. racial occupied 


differences, any more 


nodern freemasonr\ 

it resembled Even witl 

Creek nation itself the influence 
] 


connection Was seriously modi 

thre dual Tow system already 

bed In fact, social Communion 
rriave were dist Cth encouraged 
thin the same town divisions, while 
tact with or marriage among those I 
Opposing town grroup 

‘tly discouraged. In other 

by side with clan and clan 


mv we have town endogam\ 


modified the former 


attitude 
se language and ¢ 
ging to the same division 
ss likelihood that a man 
nt tribe, the Muskogee, would 
to an incorporat 
than that he marry oO} 
wn though of a different tow) 
was less likely to marry a Yuel 
Shawnee than some one trom the 


te Hitechiti or Alabama The fi 
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linked one of the two town divisions, the 
latter the 


towns.”’ 


‘‘red towns,’” and with the 


division or ‘‘white 
that the red 


and red towns had official charge of mat 


opposing 
This merely means clans 
ters concerned with war, not that they 
The chiefs 


W ho occupied 


alone went to war mikos 


and second men (henihas 


the principal civil positions were in 


some measure determined 


hereditarily 


since thes were selected from definite 


clans, but war leaders seem to have been 
basis of their demon 
The 
mention has just been made, were either 
of the Wind ¢lan or of some 


chosen on the 


strated ability henihas, of whom 
other white 
mikos were oftener taken 
than 
probably the rule in 
that 


refuge for 


clan, and the 
from 
This 


TOWNS We 


clans from red ones 


white 
was white 


also know white towns 


were cities of enemies, and 
for murderers who had escaped from 
another settlement, though in the latter 


ease the refuge was not necessarily a 
permanent one 
The fatal defect 
zation as an instrument for preserving 
fact that 


largely on 


in the Creek organi 


peace was the social advance 


ment depended honors ob- 


tained in actions against an enemy. 


eagle 


hunting, in 
feathers, in oratory and in another way 


Sueecess mn securing 


to be mentioned shortly helped a man 


the esteem of his fellow citi 
ineffective apart 


It is not to be under- 


to rise in 


zens, but these were 
from war actions 
that 


resemblance to 


here call war bore 
the 


with which white people are familiar 


stood what we 


much institution 


Rarely, and only incidentally, was a 


tribe destroyed or seriously injured in 
the course of such wars. They consisted 


merely of marauding expeditions by 


volunteer parties, which depended upon 


secrecy and surprise, were satisfied with 


a sealp or two, were quickly turned back 
by exposure or by an unfavorable omen 
and were considered failures if the lives 
The 


comes 


of two or three men had been lost. 


motivation of the whole system 
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out clearly in the statement t] 


successtul war party is know: 


murdered members of their 


caught at some point remote 


The 


for them for war 


settlement principal and 


nial exeuse 


Was revenge To! 


demands sue} 


injury, though the Indian 


conceived of it 
ting even But of 
ever felt that it had attained this 
otic state of 


powertul 


selves, simply 
eourse nelti 
equilibrium and 


ly 
social airead 


impulse 


tioned never Slept, peace Was Ss] 
lasted 


tribe was admitted 


long 
into the cont 


and rarely except 
Since this was not 

the C; , T 
like the © 


war became increasingly 


body likely 
large neig! 
and € 


bitter 


pen 1t 
tribes hoctaw 


diately after white contact it gr 


owing to the slave raiding exp 


instigated by the English colonist 
entanglement in the mutual riva 
the Enelish, 
After American 


established, however, 


and Spa 


Frencl 
dominance had 
Indian wart 
longer received encouragement 
came to an end, whereupon the 
population began to increase 
epidemies having in the mean 
This 


sald to 


themselves much our 


wards may be owe us 


whether it sufficient 


for smallpox, tuberculosis, trachon 


Was compel S 
alcoholism may well be doubted 
The attrition of 


have just spoken and the ever 


wartare of 


cloud of danger under which life 
down as 
defect 


be conducted 
stituting the 
Creek 


may be set 
outstanding 
life, but it 

that 
which 


made uj 
other 


ancient 


this in freedom from 
cloud of 
the name of 
clothing shelter 


eably united with the thing whic 


civilization woes 
unemployment 
and were not 

eall a ‘‘job,’’ nor were they giv 
charity. They much ass 
as fresh air, water and sunlight. | 


were as 
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‘asioned little worry ‘he ar 





clothing were extremely simple; ions we fir ts detractors 










raw material for them easily ob wists bot} ! rrol in 1 ( 







they were durable. For (Confederatio) | e 





s fellow clansmen or, l 






whoever had take) hy f 





inder his protection If no one plant foods. ex nt for s 
so, although this rarely happened hestowed bv me} the ’ 
vas at libs rty TO Slee ») in the town In addit mn? This last 














se where during the winter a fir , anet? ted the 



















So highty was hos tars and pestles for ! 
itv esteemed that violation of it was ¢anoes. huntine and fis 
f the most heinous of all offences und jects . 
ir tells us that the Chickasaw char most of the nin foods 
‘ized an hospitabli acl by saying material tor skin clothing \1 
buzzard is at home.’”’ and that the temporal division of labor als 





muec 





this term 


Was 













(of eourse this meant that the more t} , . S ad ? 
essful food-gatherers helped take conte of thines r themselves 
re of those who were less sueccesstul and ductior an a selv ad nd 
‘ “ate Th i “~) ] 7 \ +5 +} + + ’ " ) 

X¢1 he aisapp Va ( man: sumption , ‘ S 






d Americans with inherited bank except oceasion n the supp 


‘ a 


ances, apprehensive for the safety of fooq ss This e} vas 





se twin deities of the industrial pan — ee 






m “‘individual initiative and = e1 pensed in feasts n Ss 






But a great deal of misconcep aes eee saniaimins . 
regular 






on of the workings of aboriginal hos hunting excursions Ww 











pitalitvy has arisen owing to the non taken In pre] ! S 
mformity of primitive customs and plies were alv s ljaid up in 
modern lift 1 remember the case of ar house of each fa nd } 

















d woman on one of our Western reser possible to hoard, but the pers 
tions who received a sum of money’ djd so was ter 
from the agent on the first day of each and was the object of genet 
month, whereupon her family connee- and ridicule. not because sucl 
ons promptly came to live with her was felt to bi T 
nd helped her to go through with it in) »yunitv but b ise he was 1 
alf the time which it should have’ 4 fool who chose t 
vered. Cases of this kind are numer own best interests ) 
us and are used as arguments not place, the surplus wl 
nly against aboriginal institutions but season might next year b 
gainst ‘‘socialistic’’ or ‘‘communistic’’ jnto a deficienc: nd w 
nstitutions generally on the ground  eome to his assistai In ot rm 





at under them sloth is placed at a generosity in the handling 









premium and industry at a discount of the nature of familv insurance cut 
(nd perhaps the colleetivist is moved even if ntair R 
defend early man by pointing to these  traordinat d inters al might 







nstitutions as examples of mutual help look forward t Ol OUS 


ilness and brotherly feeling 
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was stupid of them to hoard since, by ness and our push is starvation 
doing so, they not only attracted the ill the pull of the Creeks was social 
will of the community but, unless they and popular esteem, and their pus 
could make up for the defect by striking tempt and ridicule. Sociologist 


successes In war, they cut themselves off political experts will do well to 


from those commanding positions in the ber that this is no one’s theory |} 


tribe to which they might otherwise as case of a working society If we 
pire. Attainment of leadership by ** feed approximate to it we must not or 
ing the town’’ in time of want is the government out of business’ but 
theme and moral of story after story re money making out of it also 
peated among Indians of the north Pa From our review of the Creel 
cific coast. The agricultural life of the federacy it appears that their 
Creeks took away in some measure the of supporting life determined tI 
importance and the peculiar opportuni ture of their organization only 
ties of the hunter but they were still broadest outlines. In preserving 


considerable and were probably greater ternal coherence of the state th 


before white contact. In short, in Creek important single element was _ re 
society the distribution of surplus food — fictional consanguinity and _ affinit 
was not merely ethical but for the in- various tribes had been draw 
terest of the owners of the surplus. supertribe by a special device 
Refusal to share it threatened their own — the association of two sets of toy 
future security and prevented them cerned with war and peace res 
from advancing in the social scale with any of which outside un 
unless, of course, they could compensate become associated Its major 
by military exploits. It is significant was in making war honors the pi 
that, along with our wide-spread popu- stepping-stone to social advancement 
lar reeognition of Indian hospitality that the peace-promoting tendene 
and generosity, we have preserved in the the body taken as a whole wer 
expression ‘‘Indian giver’’ a feeling stantly nullified by the ambition 
that there was a string fo all this, as was every male member of it. Alongsi 
indeed the case. this there existed a beneficent tend 
But while a study of the economie and to give social recognition to met 
social system of the Creeks serves to de- succored the community in time ol 
stroy the myth that Indians were people but its good effect was destroyed b: 
of peculiar virtue, the system itself emphasis placed upon man _ k 
contains suggestions for the conduct of However, in spite of the blight 
our own society that are not without the latter institution exercised, the 
value. It disproves at once the repeated being of every member of the stat: 
assertion that a society that systemati- its main concern, and all were 
cally feeds all its members can not be clothed and sheltered, the motive 1 
made to funetion. Creek society de- upon being common desire for insu 
pended, and our own depends, ona pull against unpredictable events, Soc! 
and a push to make them operate. The teem for the able and fear of rid 
pull upon which we rely is acquisitive- for the sluggards. 





THE PROGRESS OF SCIENCE 
THE WOODS HOLE OCEANOGRAPHIC INSTITUTION 


Februarv of this vear, upon thi 


nmendation of the National Acad board is 
Sciences that ‘‘the establishment  bour, Dr. He 

endowment of ; Atlantic oceano Dr. William 

titute should be realized at Mr. New: 


lit 
the M. Duegat 


11S 
irliest possibl moment,’ 
cefeller Foundation granted $1,000 dent Dr 
)to finance buildings and equipment Seward 
$1,000,000 as a permanent endow Riges, 


fund Later it agreed also to e@ive Jr.. Dr 


Ss OO0ha vear over a poe riod ot ten vears land Va 


form a special operating fund. Dr 
b. Bigelow, research curator in 

the Museum of Comparative 

f Hlarvard University, was 


director 
purpose oF the new institution consideration rt other poss 


name implies, is to carry on and — tions along the Atlantie Coas 


encourage the study of the sea in the America The final deeision 
roadest sense. Like the Marine Bio on the eombined advantag 
rical Laboratory, it is an independent proximity to two world-fam: 


gvanization, but similarly assured of tories of marine biology 


formal association with other edue: hand, and, on 
nal and researeh nstitutions throug! tional opp rt 
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THE OCEANOGRAPHIC INSTITUTION AS 


tigations that is offered by the neighbor- 
ing waters 

The of these 
no explanation. 


first inducements needs 
The second depends in 
part upon the ease with-which the tran- 
sition from inshore to offshore 
can be reached from Woods Hole, on the 
that 
proximity to the continental slope, and 
abyss. At the time the Gulf of 
Maine, hand, tribu- 


taries, offers a more promising field for 


waters 


abruptness of transition and on 
same 
close at with its 
intensive investigations into the interac- 
tion between the physical-chemical and 
the biologie aspects of oceanography 
than any other sector of comparable 
extent along the coast of America. 

The principal instrument of research 
will be the 
part of an oceanographic institution as 


vessel which is as much a 
a telescope is of an astronomical obser- 
fact, the 


centers around this boat which is to be 


vatory. In whole institution 


the most modern of oceanographic ves- 
Therefore a large sum of money is 


sels. 


IT WILL APPEAR FROM THE HA 


being spent on a floating laborat 


have been com 


for t] S 


The plans for it 
and the contract work has 
let. The ship which is being bu 
Copenhagen is 142 ft. long ov 
105 ft. at the 


placement will be about 380 tons 


- 
I 
} 
{ 


water line; and its 


two-master wit! 


Diesel 


vesse| is TO be a 


rigging An auxiliary 


will make it possible to cruise wit 


sails, over a radius of several thous 


miles, The vessel will eontain Two 


eral laboratories, a chart room 


about nine staterooms and the 
for the 


mess room. 


quart 


crew of about thirteen, an 
The Diesel engines run 
crude oil. and there will be no vase 
on the boat 


the case of 


A catastrophe such as 
the ill-fated ¢ 
The s] ip \i 


Inst 


eurred in 
negie can not take place 
be fully equipped with all the 
ments used in oceanographic servic 
drum with about five or six thous 
fathoms of steel cable will be proy 


for dredging 
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THE EIGHTIETH MEETING OF THE AMERICAN CHEMICAL SOCIETY 


week ol 


tember & Tr any al the cheml 


some 2.000 chemists 


‘apital, when 
mbled for the eigl 
American Chemic 


; 


ng under elghte 


sions of chemistry 
ndred titles appeared on the progra 


r signihicance 


eral symposia 
eduled ne of tl 


mentation stressed IS phases 


tr micro-organisms 


employ ment 
Another SVT po 


iit mical proces SSeAN 


held  JoOmMtLy by ne dlvision ol! 
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DR. MOSES GOMBERG 
PRESIDENT-ELECT OF THE AMERICAN CHEMICAL SOCIETY WHO W _ ACCORDID 
OF THE SOCIETY, BECOME ITS PRESIDENT FOR ONE YEAR, BEGINNING ON JANI 
FESSOR GOMBERG IS THE CHAIRMAN OF THE DEPARTMENT OF CHEMISTRY At 
MICHIGAN AND IS INTERNATIONALL KNOWN FOR HIS WORK ON TRIVA 


THOUGH THIS REPRESENTS BUT A PORTION OF HIS FUNDAME) 


where endocrines was the subject The by Professor William MePher 
qualifications of chemistry teachers re- ‘*Chemistry and Edueation,”’ was 
sulted in active diseussion in the on Wednesday at 8:30 in the Ei 
division of chemical edueation, and non Auditorium, following which ther 
aqueous solutions were of equal interest @ musical program 

to research workers in the division of On the afternoon of Thursday 


physical and inorganic chemistry. These sSpection trip was made to the Cine 


symposia represented but a small frae Water Works and there was a 
tion of the extensive program compiled around the city in automobiles, start 
with care by each of the divisions, and from the university immediately 
comprising topies of such interest that luncheon. 
the leaders in chemistry attended in In the business sessions proposals 
large numbers both to hear and to certain reorganization, the election 
discuss. editors and the selection of furt 
There were divisional meetings on meeting places were considered 
Wednesday and Thursday mornings, eighty-first meeting of the society 
followed by luncheons at the University be held in the spring of 1931 at 
of Cineinnati. The president’s address  dianapolis, Indiana.—H. E. H 
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DR. IRVING LANGMUIR AND DR. A. W. HULL WITH THE THYRATRON 
POWER TUBE 
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THYRATRON TUBE AND ITS POSSIBILITII 


advan ave 
lectrie pov 
| most effectively 
eh unique applications as 
operating the stage lighting 
Civic Opera House from in 
he foothehts. and tl 
iethod of 
and ¢ 
‘“aliia 
is believed that the possibilities 


iwratron tube are not confined 





function of control The met 
have been responsible for its crea 
and development believe it may 
mn the means at some future I ‘ irrent 15.000 y 
f accomplishing power transmis ‘elving end 1 ibes 
more advantageous electrica 
than those at present preval 
ea is based on the expecta 
thyratron tube may mak 
possib] oO transmit electrical energ\ 


ver relatively long distances by means 


current inste 


+ 


has been set up in the Gener: 
¢ Researe Laboratory ana 
tubes The artificla 


iMnSMISSION ne itsell was represente 


a copper bar ab ut sevel 


n lenet} KE 


ere imposed in tl 

sistance which made this line 

nt to 400 miles of transmission cond 

r in a commercial system As the 

ngest commercial system now 1n @XIS ! 
tence is 250 miles in length, this experi future pel 
mental line, in its electrical characteris developments 
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the present trend as revealed by this 1890 was 
experiment that within the next decade — electrical 

precisely how soon laboratory men do transmission by direct 
not care to speculate—direct-current voltages can be accomplished 
transmission on a scale comparable with aid of the thyratron tub 
or at least approaching the present both electrically and econon 
practice with alternating current will be decidedly noteworthy 
vo into commercial usage The thyratron tube ha 

Not since the earliest days of commer- years in reaching its pres 
clal appheation of electricity has direct development as a perfected and 


current transmission been considered control device, with latent poss 


practicable. In the electrical beginning — in transmission mentioned abov: 


of things, when are lights first came into Dr. Langmuir had conceived tl] 
use, followed a few vears later by Edi making use of the character 
son's incandescent lamp, almost all played by electron discharges 
transmission In commercial systems was for controlling an electric 

by direct current. That was fifty years of a grid, Toulon, in Frane 
avo, before the era of wide-spread elee mented in 1922 with Dr. La 
trical networks which serve an over process and devised an improve 
whelming majority of the nation’s popu his method. Later, Dr. Lanem 
lation. The are-lamp systems operated — his assistants made other imp 
on the series circuit and started in 1879 About 1926 Dr. Langmuir em 
and 1880 with pressures of 2,000 volts, the broad practical possibilities 
although in more recent times they have principle, and thereafter Dr 
gone as high as 8,000 volts. The inean Hull, in the same laboratory, «i 
descent system utilized the multiple the tube to its present status, 1 
eontrolin 


circuit, and transmission was at the low commercial use in 
pressures of 110 or 220 volts. These supply a reality. The tube, o 


represent two methods of transmitting electrode type. differs from the 

economically by direct current, but — pliotron tube in being an are rect 
their disadvantages would be so pro- which a power are is controlled 
nounced if employed under present-day — statically by the grid. In its 
conditions that the development of the funetion it will economically 


transformer and the alternating-current relatively large amounts « 


systems that came in shortly before power 





